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This manual e> r o v 1 a e s the user with all the i n f o r m a t i o n r e a u i r e d to 
write? debug ang execute 'n i c- rop rog r s on the tS.i'**!!, T h i $ 

facility is p r o v i d e d o y the w m' t e a b ] e C o n t r q i Store C h C S ) 'n a rovia re 
( K U V I I Option) In c o n j u n c t i 0 n with m 1 c r o p r o g r a n m i n g s u p p o r t s o f t w a r 

Chapter 1 provides an introduction to m i c roprod r amm i ng the LSI”ll, it 
discusses mac h 1 ne«m i c ronac h 1 ne r e 1 a 1 1 on s h i ps a^d supplies an introduc™ 
1 0 r V Q 1 o s 3 a r y of i rn P o n t a n t definitions* 

Chapter o is divioeo into tsvo parts? machine architecture and 

o p e r a t i c n , The first part is an L 3 1 »" 1 1 family hardware overview and 

is i-cigaed fOr co^pletioh. The nevs/ i* i 1 ' us'^ r can gain a basic sys”^ 
t e y h d e r s t a n d 1 n 9 ^ r o m t h i s p but s h o u ] d refer t o the fh i c r o c o m P u t e r 

Hanoboo< for a more complete description. The second part is recom«» 
fT, ended readind for an LSI**! I mi c ropnodhenmers because it, intrpdyc.es 
c 0 n t r 0 1 f 1 0 o i a g r a m s w h i c h explain the t p a n s f e r o f control between 

the L ^ I * i- a c h i n e and m i c r o m a c h i n e . 

Chapter 3 follows the same organisation as Chater 2, but concentrates 
on the L S I n m i c r Q m a c h i n e , The first part covers toe L S I » 1 1 micro 

p r 0 c 6 s s o r a s implemented in the c o n t r o 1 and data chips ana details 

the if interne! orga nictation. The second part describes the microma«' 
chine operation apd its relationship to higher levs]' mac bin® oP®ha“* 
1 1 0 n . ■ • ' ^ 


Chapter a presents the LSl*»ll microinstruction set, organised on . a 
functional .basis* The chapter also contains a detailed explanation of 
each mi 0 rpi nS t rue t i p-> with sxamPl® Coptaipin^ assembly 

monies and assembled octal equivalents.' 


C h a oter 5 concentrates on the DATA ACCESS group o f microinstructions 
and provides o e t a i 1 .s sufficient to accurately d e t e r m i n e the exec u t i o n 
t i m es for mi c roprogram m e d j/q transactions. 

Chapter 6 present s the L$.X» 1 1 wri teabi e Control store hardware and its 
relationship to the uSX*ll mi c rOprOcegsOr* T he discussion includes 
t h a ' a' a t a buffer and c o n t r o 1 / s t a t g s r e 9 i s t e r s , 


Chapter 7 details the m i c roprogrammi ng gyPPor t software? principally 
the mi c roassemoi er A 1 so discussed are the w c $ 1 oade r and dump poy» 
tine," The c n .a p t e r cone 1 udeg with a ai scussi on of how to form assembly 
mnOmon i c s f g.r user defined h i n® i nst rue 1 1 on® • 


Chapter d discusses techniques which may be us®d to 
g r 3 ‘ - s 3 •“ d further explains the e .x a m p 1 e s p r e 3 e n t e d 
algO. contains longer examples as well as • i nf o r^'at i on 
lecteci portions of the console OPT m i c rocode , 


write micro prO'®' 
in c h a p t e r ^1 » 1 1 

on ho w to us® s®** 


Chapter 9 contains information on the hCS . rrodu]© installation and 
c h 0 c X 0 i .n , 
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M o d ule Location 


CHAPrtK \ 

IhthOquCTXON ro Lsl»U, PDP*ll/y3 US£H MlCROPHOGRAMiilNG 


I, I GtNEKAL 

This chapter provides an introduction to LSi~n# PqP * 11/03 n^icropro- 
graiT,iT,in9. Section 1,6 lists other documents reference a by this 
ai« hith tne 1 c rop rdQ r an^fT’: i ng facility# the gsep has access to nearly 
ail the resources and techniques used in i mp i er^ent 1 ng the L3l"ii ar* 
chitectur^ in four (L^rQe Scale xntegration) circuit chips,' ' jn 

accepting, .this cegree n9 freedom, the user a]So assumes 

ne’s^ ' responsibilities. The ' benefits and demands" of 

user^rni c ropnogf*a'T'ni nd are discussed ip this chapter. An required 
supplementary detail i s ' c o n t a i n e d in this m a n y a I , 


l^lsl L3X*n# PDP*'ll/03 Hi c roprogrammi ng Features 

X, m i c roproqrammi ng is implemented by a writeable Control 

StOpe module in conjunction with n i c rOp rOQ remm 1 ng "suppOpt 
Software, 

£* The addition of the WC3 module places fully one halt 

of the total (2d‘X8) control store locations addressable by 
the micrOprOcessbr at the dispOgal of the micrOpnOgrammer, 

3 , The microprogramming support software includes a microassem™. 
oler# control stops loader and dym per; and a nicro uotal De* 
buggimg too! which allows s i mu 1 t aneog.s debugging at the ma* 

chine and micpomachinelevelsf 

a. The mi c roprogrammi ng support software also includes the micro 
code which Implements the EjS/FjS machine instructions# The 
user may selectively include portions of this microcode in 
the final coritrol store load mcdgle# thus comfoln'lng the ex* 
istinq advantages of the familiar extended and floating Point 
machine instructions with usercesigned instructions, 
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b, LSi'^ll mi c roprogf'an'm i ng combines t^e simplicity of vertical 
microinstructions with the individual bit««contro1 of horizon- 
tal microinstructions* The existing Oit«control field sup- 
ported bv the CPU micromachine is expanded by tw© additional 
bits with the addition of the wcb module. This new 

bit-control facility is also timed with respect to the micro- 
machine cycle/ thus enabling higher control rates and mope 
accurate control timing than can be achieved with normal 
LSI-llsystembusl/Uccntrol* 

6, The hCo module is equipped with a 16-wopd recirculating mi- 
crolocation trace buffer which aids in microprogram debug- 
ging, It contains the last 16 microlocations placed on the 
microinstruction Ogs* Tnis hard wap® feature is uti^iz®^ t)y 
MODI to display the last to microlocatinns accessed prioh to 
a user-specified ctump point. 


Basic Mac h i ne/ M 1 c romac h 1 ne Structure 

Figure 1,1 contains a simplified illustration of the ESi-ll machine. 
The L'SX-ll. machine encompasses the procesvsor^ main store op memopy/- 
and theinput/output devices. These three main components are inter- 
connected by the I3i-U system'bus. The L^I-ll prbc essor i s rea 11 zed 
by a niicromschine which Contains a Cmicro) Processor eie^ient, a storage 
element (control store)# and external i/Q capability. The micropro- 
cessor is implementeo with two chips (called the Data chip and the 
Control chip). The Data chip- contains tne Arithmetic tOQic Unit 
(ALU), the register filOi and provides connection to the 16 time mul- 
tiplexed data/aadress lines CDAL), The Control chlpapbitr^tos oil 
system fogs transactions amd determines the microinstruction execution 
sequence. The stpuoturo of the m 1 c r Op roc e s sO r chip set is presented 
inaetaiiinChapteri, 
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FIGURE l.l 
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The tnlcro^nstructions are stored in a control store consisting of one 
or MICRUms which provide non"^1^®hab1e, 000 "“ volatile fT^en^o'^y* 

terfii miCRum is an acronym for [TiCrccode Road unly Memory. in the 
basic LSi»n processor, the HlCRUM control store contains microcode 
which performs H functionsS C13 PPP-ll emulation and (2) console ODT# 
When included on the processor, The KtVll Eld/plo option e^foands the 
control store to support the extended ana floating point machine in** 
str actions. 

The Rpiteable Control Store is connected to the micromachine via a 
cable/pluQ assembly (which replaces the REV 11 option in the third MI"» 
CNom sdcIsetK fhis dives the ncS module accegs to the m i c r® i 0 s t r uc* 
tion bus which is the internal dus interconnecting all componentsof 
the micromachine. The wCS then may be accessed by the microprocessor 
in the same fashion as a f'UCKOM, The total control store locations 
addpessab I e by the m 1 c rop rOc e 3 so r is ^0^^* The P0P’»11 emulation and 
console UOT microcode requires only I i>'d^ locations^ or two MICROMs, 
Tne NCS mooule supplies the remaining 1C2R control store locations and 
these are totally under control of the LSI- 11 microorogrammer, the 
WCS meiTiOry is loaded ana dumped via its Lol*ll syst^em bus interface# 
which consists of normal control/status and data buffer registers. 


1,2 THE bENfcPlTS OF USER MICK0RRUGRAMMIN(^ 

The facility of user m i c pop rogr ammi ng affords a heightened degree of 
conff“o1 ov®r machine operation-s. The user can create machine in- 

structions which may be ‘used in the'same manner as members of the 
PDF»11/»T3 machine instruction set« [he following paragraphs 
identify specific areas in which user microprogramming Is beneficial. 


1.2.1 A r i t hmet 1 c C 3 1 c u 1 a t i ons 

Many arithmetic calculations a*"e chahacteMzed by a concisely-defined 
algorithm which ‘is often repetitive in natur®. The execution of the 
pOytine fOp such an algorithm normally reguires many machine instruc- 
tion fetOhe® epd opQcarid aodrgss calculations. If twe ®lgoCit|^m iS 
suitable for microrog ramming it can be implemented in microcode' which 
Is then executed In response to a single# use r*^det i ned machine in- 
struction# Ihis approach eliminates the mu i t i P i e m^c h i ne instruction 

fetch Ope rat 1 ons because control remains entirely within the microma- 
Chins uritii'thc routine iS ComPietIv e^eOute<^* ^ good e^'^mPle of the 
Improvement available in thisarea is the KeVII EIS/riS option. The 
EiS/FIS option CpntainS mlcrpCo'^®*^ routines fpC ' t he extended and flo*" 
ating point machine i nst ruct i ons. Upon execution of a single machine 
instruction# FD I V f p r e x I e , '^ont^ol 1® trapStered to the appropri- 
ate starting “point in the r| 3 microcode. when the routine has termi- 
nated, Control Is returned to the L3l-n emulation microCoCie Contained 
in the 2 standard microms. The' speed advantage realized by the 
EIS/FXS rapges from ® 3 to 10 tirnes 1 mProveqient ' ©ve n ComP®h- 
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able pdP”- 11 rn ac ro i n s t r uc 1 1 on routines, depending upon the instruction 
executed apo tne operand values. 


1,2,? Critical !y-Ti^ed Inout/Gutput and Control Operations 

The Tate at wt^icH real"time input/output (I/Ol operations can be Per* 
formed depends on tv^o factorsJ Cl) the speeo of machine instruction 
e^ecdtion ana C?) the time oelaYS associated with the Lbi-11 system 
busf fhe m i c roc r og r amm i ng facility allows the user to w r i t e ' spec i a 1 *• 
izec‘ I/O routines for’execution in microCoci®. In this Context,' th© 
user employs the ''data access'' group of mi c ro i nst rue t i ons which are 
ciiscGssed generally in Chapter ‘A with detailed explanations in Chapter 
5, ' sufficient' information is provided to allow identification of 
Where't^e bus aeiays pCP^r, Although it is not Possible to eliminate 
the time delays caused oy the system ous, identification coupled' with 
the^Se of microcode can maxe the delays manageable, 

User*written microcode can ma:<e use of a special field of 4 TTt con* 
trol bits within the m icroinstruction. Of the jb Possible states en* 
coded in this field, 8 are presently used to control the system 

bus Iodic- wnich Interfaces between the system bus and t he 'rn i c roP r oces* 
sOr chip set* ihe other b states are available for user^defined fgne* 
tions. The 4 bitvS from this microinstruction field appear on the 
bSj’^11 module fingers as does the tnird phase cf the microcycie cloc!< 
(PHd H), These’ TIL Control bits en6'D]e the m.i ^ roorogramm^r to pro^’ldce 
high rate control signals which are tinea with respect to the microma* 
Chine cycle# 

in addition to the 4 control bits (.m;i;<? 1 j 00>), the '^Cd module stores 2 
extrabits cbi<? 3 r? 2 >) in each control store location. These two bits 
a ya 1 1 ab 1 e' a -5 s i gna 1 s directly on ^he LSI* II' SyS^em bac*<Plane and 
may be used for any user^aefined purpose^ the h i gh^order ' bi t ( MI< 23 >) 

IS ^iso usep to (.ontrol m j ^ ro l i on b^ffe^* 


lsH#3 Data Manipulation and Relocation 

The two ml c reprograms discussed in Section 1,6 provide additionral ex* 
artples Pt^tentia] appl 1 cat i The first exarnPle presents the ri1’» 
CroprOdram top a routine which pushes all processor registers CRG*'R5) 
onto the staej^ In resoonso ”tQ .^achine instructiont h'Qiiowing 
which the related function of popping all b registers is presented,’ 

The second example is a block move opera tionin which the arguments 
required are Cl) the starting address of the block to be moved, 
(?) tn@ starting address of the ne^ bjoCk location, anq (3) the bioCk 
length. The execution time saved isproportional to the block length, 
because fn-^chlpe instruction fetches are eliminated tot* each Word 
moved. 
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1,3 6Y5TfcM 1MPLICATIUN5 UF UoE;R M I CROPRCGR AMMi NG 

With the rnlcroprogra.'T.ning facility, » all the resources used to emulate 
the LSX’^n architecture and operation are at the user's alsoosal. The 
only resourcethat cannot be accessed is the Control chip translation 
array which' 1$ specifically configured to implement the cpcoces of the 
standard ana extended machine instruction set, however# the micropro* 
cessor instruction set apes provide a means foh accomplishing transla- 
tions in only afew adoitional microcycles. 


1*3,1 Control plow integrity 

The first responsibility of the m i c roorog r amme r is to maintain the in- 
tegrity of the control flow which implements the machine Operating 
cycle. Control is transferred to user microcooe when ' the m 1 c roproces'* 
son control chip, via the translation array, determines that a the 
fetched Instruction is a user^oofined mac h i no ‘ opcode . User microcode 
the'n rr-aintains Centro^ Until the microhoutine has executed, whereupon 
control must oe returned tothe trap interrupt service routine, thus 
rna^ntain-jng the nohmai F£TCH«tXbCUT£-INTERHUPT machine cyc|e. 

An additional reauirement arises when the use r”mi c roprogrammed routine 
performs i/g operations^ In executing an I/O transfer the tSi«ll sys- 
tem bus transaction regyires that the adopessed j/q device return a 
rep)y signal to tRO pPoce^3Sor, acknowledging its rol® in the transfer. 
If no reply is received oy the c^d withinl^ microseconds# the proces* 
Son executes a bus Qrror trap through LSi«U m^'mohY lo^^tion 10« 
Because a bus error can occur in a number of contexts# the micropro- 
grammer must prepare for the proper respons-^ by setting an internal 
flag Csee Section 6,6,4, n. 


l,3,f? interrupt Response Latency 

Interrupts are recognized by the processor only during the final phase 
of the normal machine Operating cycle CFbTCii-tXFCUfE'^lNTfcRKUPT), the 
delay in ac l<no w I edg i ng a pending interrupt is directly related to the 
length of time of the bXdCUTb phase. The micro programmer is provided 
with means of testing for external interrupts and the'bvent Line in- 
terrupt during use r*m 1 c roprogram execution. If such an interrupt Is 
pending^ control can be tfansferred to a user micrccovde'routine. This 
routine could save the Interrupted machine state, decrement the PC and 
then return control to the last part of the machine cycle, 

Unpe Y. he normal LSI*11 interrupt sgryice ha^ been completed# the 
user*" <ie fined machine instructlonis fetched adain and the user micro- 
program can then Completion* The e^Tg,rnai interrupt 't^at 
facility allows potentially lengthy. microcoaed routines to operatein 
a"time critical en v i ronmen t , interrupt testing is unnecessary when 
t^e microcode to be executed of kno'^n snort duration* See Section 
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1,3,3 Register Content Security 

The microprogra^mer access to the USl-11 Processor registers as 
well as to the internal registers* Several ot the internal registers 
have predef1p,ed uses Ce,a,, PSW, bus erroi* fiaQs) Sf^d shoU]d oniv be 
modified in accordance with those uses, Honipulation of the standard 
processor revoisters CRic'-R/) should onlV occur as part of tne intended 
function of the user’*detined machine Instruction (See Section 8,6,5), 


1,3,^ Processor Status word updating 

The process orst a tus V'^orci (PSw) in the LSl-ll is a composite of 
Cl) the ^ PDP^ll Status hlags Cn?Z#V,C) and C^) the Irace bit end (3) 
the Interruc't tnaole bit, internally, the PDP-11 Status Plags are ex- 
plicitly accessed by 2 microinstructions CuEP^CPR) and Tm-p licit y al- 
tered by executing a m i ctO i nst rue t i on capable of affecting these flags 
(e,9a» ADDh), the Trace bit and interrupt Enable Bitare altered 'by 
executing- a 5et Interrupt (v5l) or Reset Interrupt (Rl) for the micro- 
processor control flags I’t and i5 respectively, bince these flags 
cannot be read, a Cppy these f jags is i<ept ip internal register 
(HPBwl h) in the bit positions that correspond to the Trace bit (bit 
<a>~) and the interrupt tnable bit (bit <J>) of the Lbl-ii PSW, See 
Sections, 8,' 


193,5 Dedicated control Store Uocat i ons 

The ifipiteable Control store locations are normally configured at 

m i c rOedd g ge g thrOygh 3777 (octal), ] he RCS modgle therefore 

r e p 1 a c e s t h e b. I s / h I S m i c R u M v-^ h i c h a n s w e r s t o addresses D Ss"; ^ » 3 7 7 7 , The 
LSl^il emylation microcode, in conignction vyith the tr^hglation ar.pay# 
performs a cartial decooe of the extendeo and floating point machine 
instructions and trsns’^Of»s control to control stors locations in the 
200''^®2777 range, T h e ’ m i c rop rog r omme r hvSs the responsibility of han- 
dling such a transfer as a reserved i ^ cue 1 1 trap, (See sectiQn 
8, lE, 1) , 


1,3,6 Machine instruction support 

A newly defined machine instruction must be explicitly documented as 
to function, execution characteristics, and operand requirements, jt 
Should also be assigned an assembly mnemonic whiCR iS supported by a 
macro definition to enable the instruction to be programmed and assem- 
bigO along '-^ith the standard ipstr^jction Sgt (Sgg SgCt-jon 6 , 3 ), 
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K5fl Creating the Source PHe 

The Rr«n operating .System environment In which the LSI-11 mlcropro** 
grammar worics Is familiar to the experienced HUP-H assembly language 
programmer, A tunaamental reference is the microinstruction set des-* 
cription, which is contained In Chapter ^ amd Appendices A and B of 
this manual. Chapter 7 describes tnewcs Software fools available. 

The source tile for the microprogram Is cheated i t h either text edl- 
torr EQlf or itC0» The recommended extension in the file specifica- 
tion iS signifiVing 3 microprografri Source filOt 


The f'M c roassemb 1 er 

Microassembler facilities are provided by mACRu-11i augmented by a 
preprocessor routine which generates the necessary calls to a special 
library file containing 0 a set of macro def in it iong'that enable . the 
assembler to' recogni 2 e ana process the microinstroction mnemonics# 
T h e M i c r o a s s e rn t) 1 e r i s d e s c r i b e d ' i n detail in Chapter 7 , f h ® c a p a b i ] i * 
ty of maC^U* 11 to accomooate large symbol tables allows a microassem*" 
foiy to be perfoTn-ted in a nini.mUm Con i r at i on C 1 6K ) deve]oPm®nt sys** 
tem^ fne' it i c roassemb 1 er output (»0pJ extension) is then loaded into 
the wCSrnoddie as' described in the next section. 


1,593 hrIteabieControlStoreUoaders 

The m 1 c rOppPQ ramm 1 ng . suppo rt software provides a hXS loader program 
which can initially clear the WCS RAM memory and then load from'one to 
si x' spec i f led ,ij5d files produced by the Assembler, ' The’wCS loader is 
d e s c r i b 8 d i n C h a p t e r 7 , 


1,5,4 Micro uctvil Debugging fool (MODT) 

The r e Q u 1 re it eots of microprogram debugging are satisfied py the Micro- 
program Octal Debugging {ool program (MOOxi* 7 h i s debugging facility 

expands t'^e xejy, ii^ar PUP«il OUT Sq tr,at user»>vi; r ^ t ten microProghar,s cap 

be examinedf moditiedf and executed from the system console,’ Since 
a|i rr1 c roProQrarnS are executed in respon^® to rr^chine instructions# 
MOq! allows the user to write# modify and execute short programs, 
Breikp^ipits m^y oe set ip the ,^<ach1„e instruction f]o'^ e.xanin® pro- 
gram progress at the machine level. At the micro machine level, the 
user '^ay establish >» dump po i n t s ” which display the contents of all 
internal r^disters at the selected point, grce the’ dump results are 
analysed, tn® oumP points can be r^oved and subsequent executions aiiow 
the' user to examine additional portions of microcode. This 
dgir,p« e X a,T 1 nO process continues Until the microprodrsm is Completely 
debugged and ■ veri t i ed, MUqT Is describee 1 n detail in chapter 7 • 
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1,5,5 fMcroprogram Trace Facility 

The microad Press trace hardware on the >ncS moQule is normally con- 
trol leo end exa'i^ined oy the Micro Octal Debugging Too! (MUDTT program. 
It consists of a ,l 6 *word buffer which stores a sequence'of \b microin- 
struction locations ojaced on the microinstruction bus CMI63 during 
the e?<ecution of user* written microcooe. The last location to be 
sto>"ed is designated oy the m i c r op r od ramrr e r ’ ( u s 1 p9 mOdT),' Unce the 16 
addresses have been stored, MuDl may display the contents of the ad- 
dressed location?; in ooth octal and symbolic forms, oee chapter 7 for 
acomplateaescription. 


1,6 SAMPLE MICK0PRUGRAM3 

The mlcroprograris presented in this section are tested, working rou- 
tines which may be microeoded and executed by the usOp, They serve to 
introduce a few the m i c r o i ns t rue t i on assembly mneurr'cnics and some 
special cheracteristicsof the oat a access group of microinstructions, 
T hese ' programs are suopjied w^tp generous Comm«^nts in' ghder to m^ke 
them more understandable. The fgll,microinstr^JCtion set is presented 
in Chapter a, and additional details on the operation the data ac- 
cess g r o u p i n C h a p t e r 5 , 


ls 6 ,l Pushing and Popping the Processor Registers 


Figure 1 shows a microprogram example that implements 2 new LSI-il In- 
structions 3 $oesCribedb€]owS 


Opcode 

m m m ^ T9 

Description 





07 6 7^-1 

p U 6 H R » causes 

the LSX-U 

General Purpose 

Regi 

steps 


{ R 0 » K 5 3 to be 

saved on the 

system stack CpOintod 

to by 

076701 

K63 . 

hCPR - causes 

the L S 1 - U 

G €‘ n e r a 1 p u r p 0 s e 

Regi sters 


C R 0 - R 5 3 to be 

restored from 

the syst®^ stack. 




These instructions facilitate context switching for subroutines or 1n« 
tern up t service routines wherf^ many registers may be needed# but the 
PhoVious r^gistgrcontontSiTiust bgsav^c)* 

The actual microprogram source file for the new instructions is listed 
below, and esp be assembled by the jr.i c roas se^b 1 e r, loaded into the 
wChS, anci tested using Muof (see Chapter 7), Note that the assembly 
listing f 0 r t h i s e X a m p 1 e 1 s ' i n c h a p t e r 7 , ' 
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INTKOuUcTIQ!\ to LSI»U, PijP-U/^33 USER M I CR UPR U^R A mh I nG PAgE 1 1 ^ 


PuSHR and Popp Example 


PigPf'e 
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This example is the i 1 emen t a 1 1 on of a new instruction# BlkmV# that 
moves 3 string of bytes from one location in memory to another 
non-overlapping location in memory. The opcode is 4 ’ 76700# R0 contains 
the starting address, R1 Contains the destination address and R 2 Con- 
tains the byte count to'be moved. Note that this exmpaie is m.icroin- 
terruptable. 
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BLkmv Example 


Figure 1,3 
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iNTRUDUClOKY M 1 C K Op R UGR A (IH I NG GlQoSARY 

Ms section contains a glossary of selected terns which provide an 
introduction to the vocaoulary which supports microprogramming con" 
Cents, The glossary is not arrangeci aTPhaOeticallyr Out *in a way 
which will emphasize conceptual distinct ionSg 


Machine 


Micro machine 


Processor 


Microprocessor 


Data Chip 


Control Chip 


The LSI"!! machine encompasses the Lsl-ll proces" 
sor/main or program memory apo inPUt/outPut dev- 
ices. 

The micro machine is eouivalent to the LSX-ll pro- 
cessor, It encompr3ses a two*chip m i c rOp rocesso r # 
two or three MiCROMs (Control Store chips)^ and 
the system bus interface logic. The first 

twq MICRUhS Contain the PPR"U/05 emula- 

tion microprogram as well as the console upT ni- 
croPro9ham, The optional hEVn MiCROM Con^^jnS 
m i c roprograms which execute the extended and flo- 
ating Point machine instructions, 

(he LSI"U processor consists only of the Large 
Scale Integrated mi c roprocesspr chip set and the 
system bus Interface and control logic, A 
system based on the LSi’^lt processor is 
bus**Qriented in that a s1*^9le machine instruction 
may manipulate data within a ous-instaile^ deV** 
ice. The mahagement of data in and out of the 
processor is oftep tranSpohentoh irrelevant to 
machine-level programming functions, 

T he m 1 0 roprocesso r is implementea as a two-chip 
set of large scale integrated Cl^I^ circuits 
called the’uata an^ Concho] chips. The Data' chip 
contains t no ' ^ri thmet i c l^ 9’^ Unit 
gister File and interconnection 

system b u s eaoress/ad dress lines Con*^' 

trol chip provides the system bus control lines 
and contains the translation array# 

M i ^ Coprocessor programs are Con^fin«^^ in Micro** 
code RUT) chips called M I p h U M s # 

All Data processing occurs within the Data chip, 
Xt contains the A^u and the Internal registers. 
It also provides bi-oirectional connection to the 
system bus oata/adOress lines (DAb), 

The Control chip functions as a 

eontroller/seauencer, it provides all control 
signals, tor the system bus and a]So aetermin^s 
which microinstructions are executed, A.n impor- 
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MlCKOf^ Chip 


S y s t e u s 

Microingt ruction 

Bus 

Instruction 
^ ^ 9 1 s t r 


M i,c r 0 1 n s t r uc 1 1 on 
Reg 1 s t e r 


Program counter 


H 1 c r o p r 0 g r a n 

Coun t e r 
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tant feature of t^e Control"Ch1p Is the transla* 
tion array. This Is a large combinatorial logic 
network which accepts the .machine instruction as 
input and outputs the adopesses of the micropro- 
grammed routine approPhiate to tpat instruction! 

The I'ilCROM (Microcode Read Only Memory) chip im- 
palements the unalteroole# non-volatile read only 
control store memory* Qne or more MxCRQms are 
connected to the Data ang Control chips via the 
microinstructlonbusCMXB), 

The LSI-il system bus Is the one common, bidirec- 
tional path which passes addressf data and con- 
trol Infohmation bgtw^^n ^he 1-31*11 proCeSSoh and 
all other modules which make gp a given machine 
configuration. 

The Microinstruction Bus (HIB) Is the common 
b 1 - 

dipe’^tionai and Control Pfth dgtween ail elements 
of the msicromachlne. It Is through connection to 
this bus that th® ^CS modU]e mai<es ' its Control 
store fijccesslble to the microprocessor* 

when an U3I-H machine instruction Is fetched 
from main memory? it i$ placed in the Instruction 
Hegister(RIR) in the Uatachip as well as in the 
translation register in the Control chip. The 
instruction register provides a convenient method 
fop decoding an instruction in'addition to util* 
i^lng the tr.an3iation h^sgistgr, 

A m i c rd 1 ns t rue 1 1 on which has been , fetched from 
either mxcrOM or user control store is placed in 
the ml c ro i nst rue t i on register* This register is 
implemented on both the Data and control chips* 
The mi c poi nst ruct i on register on each chip inter* 
prets oniv the Portion the rrt i c roi nS t rue 1 1'on 

relevant to the chip's function, 

Ihe program Counter (PC) stores the main memory 
adoress of the next machine instruction to be 
feched during a machine cycle, it is automatl* 
caiiy incremented by ' 2 as th'S Hst part of the 
hETCH Machine instruction phase, 

Ihe Microprogram Counter (MPC) stores the address 
of the next microinstruction to be fetched duping 
3 microcycle. The microprogram counter may be 
loaded from various sources? depending upon' the 
type of microinstructionbeing executed. 
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P r 0 3 r a fr. Store 


Control store 


W p 1 t eyb j e control 
Store 


Machine Cycle 


Hlc recycle 
C ri i c r 0 rr. a c n i n e Cycle) 


Machine struct ion 
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Prograin store refers to the LSI -11 main memory 
wnich Contains both progrfm ap'^ data information* 
Program store Is accessed via the L 5 I -11 'system 
bus and its size is determined by the bus ad- 
dressinq capability C 3 ^K lb-bit words maximum). 
Program store' may alternately be referred tpas 
Main Stores Memory or sometimes as core, 

control store refers to the storage area for mi- 
crocode and consists# ootentialiy# of loca- 

tions, Apart from use*" microprogramming Vfa t^e 
heb module, control store is implemented' in one 
or 'more ^xcrpCoda Read Only Memories, or HiCHOMs, 
Microcode ’is accessed by the mi c roprocessbr'much 
faster than machine instr^ctionsare accessed by 
the lSi -11 processor, 

i^iriteable control Store (wqS) refers to a eontrol 
store v^jhich may be altered by the user. 
Alterable or writeebie ccni^ro) store is imple- 
mented by fast semiconductor read/ write random 
access memory (RAM) devices w^iCh are interfaced 
to’ the microinstruction bus, Th’e Lbl*il Write- 
able Control. Store uses volatile” RAM devices 
which means appropriate powep-up loading ppoce- 
dureSmustbeUtiliZed,' 

Machinecycle refers to the smallest complete 
cvcle of operations performed by the LSl-li ma- 
chine, The three fgnoamehtal Operations of the 
rnachlpe cycie are; (l) PtTCh MACHINE InSTRUC- 
•TIUn, (2) e>^EC^Te Machine instruction CS)"TRaP 
ANu INTERRUPT SERVICE, ~ The ‘number and type^'pf 
micromachine Operations which must be performed 
during' a given machine cycle are a function" of 
the fetched machine instruction and whether a ma- 
‘^hi^e intorruDt oh system fauit present, 

consequently, the time peduired to complete a ma- 
chine o V'o 1 e i s va r f ab i e • 

Riicrocycle refers to the smallest complete cycle 
of operation performed bv the miepOHa- 

chine. The operations which maVe up the m’icrocy- 
cle ape of a mope fundamental nature than’ those 
of which a machine cycle 1 $ composed, A'microcy- 
cle isfurther decomposed into’ four equal phases 

A machine Instruction is the 16 -bit word input 
fpom main memory to the processor during a ma- 
chine instruction fetch. The machine instruction 
is the smallest inoivisabie machine operation 
which can be controlled' by the programmer. 
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Microinstruction 
C M 1 c r 0 1 r 3 c b i n e 
instruction) 


Machine Code 


Microcode 

( H 1 c r 0 ^ c h i n Code) 


A s s e b 1 y U a o q u a d e 


H i c r 0 a s s e rr^ b 1 y 
L a n g g a 9 e 


Assembler 


M i c r 0 a s s e b 1 e r 
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Machine Instructions are commonly referred to as 
Instructions, 

The micro machine instruction or microinstruction 
is a «'M'^oit word which is executed by the 
rr. icroorocessor. The operations controlled by mi» 
croinstructions are of a more funaamental nature 
than those controlled by machine instructions*’ 
Consequently, several microinstructions are exe-* 
cuted to implement each machine instruction exe- 
cuted, 

a chine code refers to the binary object code as 
stored In main memory ready for direct execution 
by the processor* The term is often shortened to 
"Code”. 

Micromachine code refers to the assembled E2-b1t 
microinstructions whiCr are stored in th« MiCRUHs 
(control store) or in ^‘^riteable control Store* 
this term is often expressed by'’ the contracted 
form microcode. 

Assembly language refers to the collection of ma* 
chine Opcode end operand mnemon i c s # sy n t ac t i c a 1 
rules, ariQ macro instruct ions wnich assist the 
p r b g r a m ft! e r In the creation of m 'a c h i h e language 
programs, 

M i c ro as se-mb 1 y Language refers to the collection 
of m 1 c romac h i ne Opcode add Operand mneymonics# 
syntactical ruips, an^l microinstructions 
assist the programmer in the creation of microma- 
Chine language P^og^'amS, 

The assembler is a progra^^ development tool which 
accepts as Input a source file containing machine 
assemplylangyage with optional comments* the 
assembler output is an object fiie'(,0BJ exten* 
sion) which can be linked witr other object files 
to form an e^ecdtable Idad file or mogule (*BAV 
extension), fhe assembler' supplied with 
VU3 iS MACHO- 11, 

The microassembler is a microprogram development 
too^ which accepts as input a Source file Con- 
taining micromachine assembly language with op^ 
tionai Con^rnonts, the microass^?T\blgr output is ari 
object file which may be loaded into the Write- 
abie'Contro^ Stgre, Toe loaded microcode is then 
executed by the micro machine In response to a 
use r“*de f 1 nea machine instruction. 
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Int^^rrupt The action of diverting control from the normal 

(uni nter rupted) machine operating cycle of repe- 
ating Ft rCh-t^t.CUT£ events. The simplest com- 
plete ' operating cycle is expressed as 
Ft] CH-fcXt CUTE - interrupt , 


INTKOOUCTION to POP'«ll/i^i USER MICHUPRUGRAMMInG 

1,8 K E 8 E R E M C 8 S 

The follo'wino dCcu?^ei^ts provide sufficient uac^oround information for 
this manual* 

1 , HT«1U System User's (.?uide^ DEC« 11 « 0 RmUA’*A-D 
2* TeCU User's Guide, uEC^ll-UTECA-A-D 

3 , The Microcomputer Handbook, 

a, K0ll*H processor s c h em at i c d i ag '‘an ^ D-CS*My I (re'»'iSion 

Y o r 9 r e a t e r ) 

b* »"’CS schematic diagram, Q-C5«» M 80 J 8*- 0" 1 

Additional copies of aH Items above can be Ordered from* 

digital Equip ment Corporation 
’ /4 a 4i h h i t n e y S t r e e t 
N o r t h b 0 r 0 # ^ ^ 015 3 2 

Attn; Communications Services CNR2/M15) 
CustomerbervicesSections 


CHAPTtK 2 

THE L5I-U HACHiNE STRUCTURE 


2,1 GENERAL 


This oiscussion of the lSI-H machine structure covers both the archi* 
tectur© Operation of the Architecture relates to the svs* 
tern resources and their configuration. Operation indicates how data 
and address information is moved between and manipulated within the 
system resources. 

This chapter is a subset of the hirocomputer handbook, which should be 
consulted tor additional detail# specifically in the areas of LSl^ll 
options and haraware. This chapter ejr.phaslzes selected* tooics which 
are essential to the' unde r s t ana 1 ng of the microprocessor contained 
within the lSi- 11 processor module, Chapter 3 enhances the informa- 
tion sufficient to perform conventional machine language programming 
to include the additional information required to' mi c roprogram ' the 
E5j»llmiCrO machine. 


2,2 ^^ACHiNt aRlHITeCTUHE 

The Lbl«n machine consists of three, general component areas connected 
by a common system bus. Any specific machine configuration may be ac- 
curately represented by using specialized components in these three 
areas: 


n 

The 

LSI-ll Processor 

2) 

The 

Memory 

3) 

The 

Input/Output Devices 


These components and their Common# bidirectional access to the ^stem 
bus are illustrateo in hisure 2,1, M 
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LSl-ll Machine Structure 
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2«2*lbystembus 

yt^e systen- t>us Is c h a r ac t e r 1 zed by the nun^ber cf weTory or device 1o» 
cations addressaole^ the type of infopf^ation transfers supported^ and 
by the auxilary systen control signals it Contains, 


2*2«l*l Systen Bus Aodress Space • The virtual Cand physical) ad- 
dressing capaoility of the system bus is determined by the 16-bit 
Width of the binary aaaressinq word. The system bus supports both 8 
bit byte anc 16 bit word addressing, pigure 2,2 illustrates the ad- 
dress SPace'witp Which t h® L8 i- 1 1 mac h i ne operates, T pe bottom 28K 
(28^6723 woro addresses constitute the memory space. The top UK 
(4k)Wb3 Word eodresses are pormaiiv dedicated to the Ipput/output dev- 
ices. The lSi^'II crccessor odes not occupy anv address locations. 


2, 2.1, 2 oysten Bus uata Transfer - All oata transfer operations sup- 
ported by the system bus are under the Control the LSI-li proces- 
sor. A portion of the processor is dedicated to the control' of the 
system bus» sna administrates the transfer of data and address infor- 
mation between the machine components. There a^e thpee types of 
transfers possible within the LSI-U machine; 


1) Programmed Input/Uutput Transactions (Programmed i/U) 

2) j[nt erruct-ori ven input/uutput Transactions (interrupt I/O) 
5) Direct me'^ory Access Input/Uutput Transactions (0«A I/C) 


Proarammed i/u occurs in response to ProGramnec machine instructions, 
^n example of P rog ramirr-ed x/u is the execution of a mQV instruction 
wnepe at least on® the source destination addresses is in "memory 
Or in a device register. if both source and oestination operands are 
in th« processor registers,, no *hus I/O transfer iS required. 

The simplest of a f-roorammed I/g bus transaction is the OATI (Data-In) 
DUS crewaticn^ This cperation illustrates how the 16 Data/Address 
Lines CbpAL t <l5;^i;>) are t i rte-mgl fi pi exed between aooress and data 
information. The first event of the DATI cycle is placing the memory 
Or device aooress on p <15;eU>, After the aooress information 
settles (Or becomes valid), the bsync L signal is asserted, ihis'sig- 
na 1 causes eacn merrorv ana i/y-UEViCE module connected to the’ bus to 
checi« whether the address corresponos to its own address(es). 
Recognition by the aodressed device is represented by a sional inter* 
nai to that device which is iatcheo (^r stored) ov theassertipno^ 
0 SYn(; t for the duration of the bus operation, btortng this signal 
constitutes the second event, Ihe third event of the DATI cycle re- 
moves the address information from dDAL ana .asserts bDxN L» 
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TMs siQral infor*^s tt^e weTiopv or selected device that a DATA-IN cycle 
is to be pertopired. The fourth event is in response to' bDIN L? the 
selectea oevi.ce Places Its oata on BOAL L<lb!DD> ana returns BHPLY L 
to the opocessor. The asserting of bRPUY L is the first indication to, 
the processor that the aodresseo component exists ana is putting data 
on the DUS* Upon receipt of bRHpY p, the processor accepts the infor* 
motion on BDAL L<l5;i':^> as valid and stores it internally. If BRPLY U 
is hot received within li,-; microseconds after L was assSrtecl# a 
processor trap occurs to memory Tcoation ID, By this means, the pro- 
cessor avoids waitihQ fOr a reply fpom a memory location Op device 
which aces not exist Op is malfunctioning. The Pus cycle's fifth 
event is the accepting apd storing the data an<3 the suDseauent n©- 
gat ion of L« Ih the si><th event# the selected device responds to 
the negation BDIN L by terminating BKPLY L, In the seventh and 
final event# the processor terminates the bus cycle by negating 
BSYNC L, 

yhe OATI bus cvcle Is described in detail in the Microcomputer Hand- 
book aiorq x i t h tpe DATU tQATA-OUT)# OATCB# OATlO ( Da t a I n- Uu t put )’ apd 
OATiQ^ cus cvcles. The "io" c input-Output ) bus cycles enable the'pro- 
cessor to execute a k e ad-MoO i f y«w r 1 1 e operation. This a)io«*s data to 
be retrieved trom an addressed location# manipulated within the pro- 
CeSSor» sng re-pePosited in the same locati o m *^hile assertinc only one 
bus address* Ihe "p" suffix on the DaTOb and daTIOb bus cycles indi- 
cates thrvt the output Pchtion of the bus cycle is a byte rather than 
to a v-ord transfer. 

Interrupt I/O is initiated by an input/Uutput oevice. The interrupt- 
ing aevice requests service from the processor by asserting the 
6IKN L sidn^l on the system bus, when the processor ac <no '^' 1 ®tJges a 
device request by asserting the BiACk h signal # it causes the inter* 
ruptirg oevice that is electronicallvclosast to the processor on the 
pSj-U bus to return a vector address* The vector address tells the 
processor wnere t^e address the de v i ce se r v i ce pr^gra^j, is ^pCated 
in memory. i.mce execution of the service proOram has been completed# 
t^e Ltjl-ii prpcessor resum.es execution of t^o ^nte»*ruptea program* 

Priority among m uTtiple external devices having Interrupt I/Q capabil- 
ity is established via electrical position relative to the processor. 
The device closer to t'he processor posesses the*h’igher priority# The 
interrupt drc?nt chain is broken by the dev 1 ce be i n9 “ serv i ced# thus 
ma k i nq f g r t h e r Interrupts from lower priority devices impossible* 
Purser interrupts f^om high®'* pn,*or^ty ( e i ec t r c a i i v Closer) devices 
may still be acknowledged and serviced, A^bitional details regarding 
Interrupt JL/u transactions are available ^n Microcomputer Hand- 
book# 

Although the LSi«n processor remains master of the system bus during 
both Proqranmeo I/Q and Interrupt I/O* DkA I/u requires that bus^ mas* 
tership be granted to an Input/Qutput device for the purpose ofrihi®'^ 
speed oata transfer to cr from memory* During a 0 ,mA j/q t ran sac\ii on# 
tre Programmed |/y ^nd Interrupt I/u ope r a t 1 ons of the LBX-Il proVes- 
sor are suspended. The device f unct i on i ng as bus master can now per* 
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for'T' any t^e possible Pus cycles (OATI# DAjUf L)ArOe» OATIU# UA« 
T10«)i Ahen the OMA transfer Is completed, Pus mastersh 1 p Is relin- 
quished to the processor* Note that during Dm^ l/O# the CPU module 
waits to perform Programmed I/O or interrupt I/O only. Any other pro- 
cessor actl'/ltv (such as Operations between re^lsters^ can continue# 


2.2. 1*3 System Pus control Sld^als - In addition to the pus signals 
reguired to support Progran^iTiSd I/O# Interrupt I/O, anU DMA 1/U severs] 
auicllllarv control signals are contained within the bus system. 
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LSI*11 Macfiine Address So^ce 
Figure 2 

CUhe figure on page of the L5l*»ll handbook) 
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SysteiTi initialization Signal 

The connnon svste'T( initialization signal is BlNAT L« it is assertea by 
the processor iwhenever Si^CuK h is passive and whenever the BiNiT com- 
mand is issueo oy the processor, Examples of the latter are during 
the ^^ower-uc routine and in execution of the RtStT machine instruc- 
tion, All peripheral devices should use the BiNiT L signal to initi* 
alizae and clear internal flip-flops andreQisterst 

Power Supply Signals 

Two signals which indicate the status of the system power supply are 
part of the bus system, jhese signals are generated by the power sup- 
ply itSgif apo the pnpCeSSor nonitors them t© Ta^e appropriate scT^'on 
during Pcwer-Up ana Power-hall seauences.. At t he ' beg i nn i ng of the 
PQwer-Up sequence, BDCOh H and dPUK H are both passive, BDCOK H is 
asserted first# whereupon the processor initializes itself and all 
system Components Spd ^^its foh BPOK h to assertedt When BPUK H*iS 
asserted, the processor executes’ the selected Power-Up routine. 
During a Po'^'er-uo’^n or Power-pail seauence, BPUK H is negated first, 
causing a Power-pail trap," the processor then executes the progra^n 
located at the t r ap vec t o r add re s s (2a), when PDCOK m goes passive, 
the processor asserts bluiT L, It should be noted that a proper 
POwep-pail sequence will negate bOCOh H before restoring bPOK'H, 
BPCuk h must go passive td re-initiate the Power-Up sequence. 

Processor Control Signal 

The only signal in the bus system directly controlled by the operator 
Of the processor is L« This signal is asserted by a fpont panel 
(PDK»ll/',i) s'^itch c r ■ a 1 t e mat e I V by the BRtAK k.ey on t he conso 1 e ' ter- 
minal, blessing the ' 6 HEAk key causes a tr^^^ihig errOr which assorts 
BhaltL via the’console serial lineinterface, when the front' panel 
Run/rialt switch is used to halt the processor^ It must be reset to’PUis 
before the processor can proceed. However, pressing the Console BREAK 
key asserts bhAuT b only as long as the key Is depressed* 

Processor Monitor Signal 

The ability to monitor the Run/Halt state of the processor is provided 
by the SRUt^ signal* SRU|y signal is asserted once each time the 
processor per^ohms a machipe instruction fetch, This signal Is' the 
Input to a circuiton the PdP-11/u 3 console that drives a RUn indica- 
tcrlight. 


Memory Refresh Control 

All dynamic U'jS memory modules which ao not have se 1 f-con tai re- 

fresh capability rn'Jst be- refreshed via t^e syste^ bus, A s^in^l 
called feRtF I is asserted during theacdr^ssing portion of the 
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BSYNC/BOI^- transaction to di f f erent 1 ate between fren^opy petpes^ ana the 
stanaaraUAflDuscycle, 

The aetaiis o^ me nary Pe^Pesh generation are discussed further in Sec* 
1 1 on ^ , cJ , i , 


2 t 2.2 f-^emorv 

The mer'iory ccmponent of Figure. 2*i may be Implemented with either Sem* 
iconductor op magnetic devices* Each memopyl device has opepating 
Characteristics w^ich determine ho^ it is t© be u'sed a particular 

system, 

Most memory devices function as Read/wpite memory may be accessed by 
either the processor op a DMA j/o device. 


2,2,2, 1 Semiconductor Memory • Semiconductor memory may be classified 
as either cynafnic or static memory. The most fami]ier examPl© of dyi* 
namic semiconoucop memory is the muS Read/Write memory located on 
the KDij*F LSi-n processor module. Dynamic memory'must be periodi- 
cally'refpeshedin opoer fop the memory topetainits contents# 

Static semiconductor memory is also available as Read/Write memory and 
does not require refreshing. An example of tMs type is the 256 
16«bit woras of kam found o.n the MRvll-bA UVPRUm module. An addition** 
ai static semiconductor memory type Is Read only Memory* RfcAD onLY 
memory types are found on the mrv11»AA PROM module and on the MrVII-BA 
UVPKqm module* Both the pRum and UVPRq?^ are non-volatile types* ’they 
retain their contents even after power has been removed, The mrvII-AA 
PRqm module contains fusible link semiconductor memory devices whose 
Con^®nfs are established by special ppoQ r ar^m equ1o^ef,t, OnCe pro* 
grarnmed# the fusible link RKyM contents Can notbe altered* The 
MHVji-BA 'JVPRUM is progpafr.mSd by specia] equip^ept, ‘but its Cqp* 
tents can subsequently oe erased by exposure to UV light# effectively 
clsapirig the Cor>ter,ts ip preparatlQp for re«p pqQ ramm i pg with pe'w data, 


2*2*2*2 Uynemic memory Refreshing • Three techniques are available to 
satisfy the requirement for dynamic memory refreshing. These three 
techniques arej 

1, Processor Controlled Refresh 

2, Direct Memory Access Refresh 
J.PistriDutedRetresh 

Processor controlled i^cfresh is a feature ayailable on the m726^ 
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LSI*11 crocessop rr'oaule. This refresh wode is noPf^aMy disabled^ but 
can be enabled by removing the appropriate jumper on the module. When 
enabled# a h? oscillator causes an intsr'^al interrupt. This in- 
terrupt initiates the execution a m i c rcP ro9 a-nmed routine which re- 
freshes ell dynamic memory devices used in the system, Ihe refresh 
routine performs ou nGYNC/BGlN cycles with bRth L asserted,' o^c^PV.^nQ 
the system ous for about microseconds. when processor-controlled 
refresh is employed, all dynamic memory mocules should have their 
Reply Durino refresh opt i ons d i sab 1 eo^ except for the memory module 
located farthest from the processori This assures that the longest 
bus'belays will be compensated for during execution of the refresh mi- 
crocroaram, Note that this form of refresh not reCommentieti foh 
systems utilising lengthycustomer microprograms. 

Direct Memory Access Refresh is performeo by a DMA device and. relieves 
the processor of refresh responsibility. txa^ples of Dma refresh are 
the Rpvll«A ana Rtvll-C modules, The DMA refresh technique d i f f e r s 
from tne processOp-controlled method in that the memory modules aire 
refreshed on© row at a time instgad of ^11 rows at onCe. Therefore 
the DMA device controls the system bus tor purposes of refresh for 
only l.i microseconds at a time# thus eliminating the microsecond 
dead tiT.e inherent in the former methoo* Anv user-designed DMA device 
may also perform refreshing as long as proper sequencing and timing 
assure that each pOw of memory is refreshed at least once each 2 mil- 
1 1 seconds qT i eSS, 

Distributed Refresh is the technique usea by mSYII-CD memory mo- 
dule, This miodule is equipped with timing and sequencing circuitry 
which performs refreshing for its own memory devices* it refreshes 
one' row at a time, every 2b microseconds and isolates itseif from th© 
system during each row refresh, jf the LSi-H processor# or qMa ‘dev- 
ice, requires a rriemo^V access when the module Is refreshing a'row# the 
memory module migrely delays its response by’ returning the L sig- 
nal after the row refresh is completed, jhe relatively short, occa- 
sional delays that occur with this techniaue are compatible with the 
essentially asynchronous system bus data t ran $oc t i ons i 

The memory component of a specific machine may be composed of 
more than one memory type to satisfy user r©qui r©ment s* 


2,2.?, 3 ^^agnetic Memory - Magnetic Memory is non- vo 1 at 1 1 e# so it does 
not require refreshing. Thenefone, memory Cpn^^ents stored in magnetic 
core are not lost during a po we r f a 1 1 u re • Magnetic memory can main- 
tain the 1 ntormat 1 on of a part 1 al 1 y-»executed oroOnan or routine when 
power is removed so that the routine may continue to completion when 
power Is restored. a Rower-Fail routine (which is initiated by the 
processor Power-Fail trap) must“save all volatll ^^n^^TvTne^ state (e,g,f 
the’ general Purpose Registers) in the magnetic portion of memory be- 
fore Power Qo©s down (oDCUK H goes passive). 
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2*2i3 input/UutoutCevIces 

The Incut /Out cut devices connected to the LbI-11 systen bus provide a 
means for Inter'facing control and data information between t^e tSI-li- 
machine and the out s i oe wo r 1 d , An example of an i/U device which" bi» 
directionally passes Doth data and'contro] i$ the UbVll serial line 
unit which connects to the console terminal. 


2*2*3*1 Oevice Address Format All input/UutPut device locations on 
the u^x-n sVste^ *^us are accessed in the sa'^e manner as memorVi 
Normally, eacn x/u device has fo'Jr sequent 1 a i | y»* pU^ibe red w^rd’ joCa* 
tiohs associated with itt These four locations provide tor both con- 
trol ano data transfer between the processor anb I/U oevice accordin9 
tOthefoMowingconvention! 


xxxxx*' Keceive Control Status Register (RCSR) 

xxxxxc Receive^ufter (RbUH 

xxxxxa Transmit Control Status Register (XCSK) 

X A X X X p T r a n s m i t B u t f e r ( X b u F ) 


The Receive Buffer CRbUh) holds data which has been received from the 
j/q device and which can be t pans f e r red to the processor Op to memory« 
Th© Rece 1 ve’ Conf roi Status Reg,- ster (RCSR3 Con^ a i nS Cont pq i ^l^gs re- 
lated to the device's receive function, TheTransmit bofferCXyUp) 
holds dr3ta which has ceen transferred to the i/u device for presenta- 
tion to the outsioe world. The Transmit Control Status step 
(XCSHj contains control flags related to the device's transmit func- 
tion. 


2,2, 3,2 enabling Device interrupts - Input/Output devices which sup- 
port ^ n^ e h pupt-dr j ven I/O transaction^ are equipped ^itj^ ar, 
1 nt e r rupt *e nab 1 1 ng mechanism which must be- explicitly set by the pro* 
CgSSQr bg^o^'e ^he ^e'^i^e ^®n initiate an in^e^***-^*?^* ^he 

i nt e r rupfenab 1 1 ng mechanism is reset or oisabled at Rowe r-Up ’ 1 1 me ~by 
thesyster,iinltializationSign3lSlNlTL, 


2*2*3, 3 CRA Transfer Restrictions - A Direct hemory Access (DMA) data 
transfer is accomplished by the Df^jA oevice becoming master of the sys* 
tern bus (which suspends Lbl-ll processor 1/U operations). If the pro- 
cessor is r^spongiole to’r dynamic refresh^ only single byte Or single 
woro transfers ar«> aiiowgo ^o gi^e the proCeSSor opportunity to 
cute a memory' refresh routine, a long burst ofQMA transfer could 
cause tr,e rcfresn period to oeiay beyond t-ne 2 rriiiisecond maxinnUm^ al- 
lowable time. If P rocessor-cont ro 1 1 ed Refresh Is not u t i 1 i zed^^res- 
trictions on DMA transfer are eilfpinated, 
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2,2,'4 The Lbl-U Processor 


The Lbl*n Processor rnooule which aopeaps in F'Qure 2,1 is presented 
with greater internal detail in Figure 2,b, Tne three functional 
a r e a s a r e ; 

\) The Arithmetic Logic Unit 

2) The General Purpose Registers 

, ' r 

I 

3) The Processor Control ' 


2,2.^. I Arithmetic logic Unit - The Arithmetic Logic Unit (ALU) per- 
forms the Ocepations requi red by tne machine instruction sett 
Arithme^c coerat^ons emDicy two^s compl^rrent n^mbar representat^cn in 
fixen ooint format ana with the addition of the KtVll tlS/plS MlcROM 
(fcxtenoed/F I oat 1 nQ Instruction b«*t)# floating Poi nt ' ar i t hmet i c oP^na- 
tVons are also performed. Arithmetic and logical operations are exe- 
cutea on both cvte and word data. The results of ALU operations ape 
momtoreo ev four Condition Code piags (NfZ#V,L) which are part of the 
Processor Status word (PSW) register. The source and destination op- 
erands which constitute the inputs to the A^U may oe located in the 
General Purpose Registers, in I'-iemdry, or in inPut/Output device regis- 
ters. 


2,2*^.? General Purpose Registers - T^e General Purpose Registers are 
^Qcated '*'ith,n the Processpr ar,d thus their Contents are accessed 
without t^e use of a system bus operation. The registers may contain 
data or address i n”^orrnet i on. Registers Rb fnCJ R7 are dedicated to 
Stac>< Pointer CPR) and Hrogram ^oynter (^c^ us®, respectively, and are 
therefore assoOiatea with Processor Control, Both Pyte apd Word ad- 
dressing is supported for registers RU through K5. ^ecause of their 
dedicated appiicatlonr registers Ra apd h 7 er® restricted to WoPCJ ad- 
dressing only. 
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.lSx-H Processor Detail 
Figure 2.i 
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2,2#^,3HpocessorControl- 

There ape four apea$ into whicf^ all functions D^^opned by the Hpocessc 

Control may ne divtdea. These foup areas apes 

1} Processor Control (Overall Control) 

Z) MachlnelnstructionExecution 

3) Aadress Generation 

ii) SystenbusControl , 

i 

These four areas ano their associated processor resources are illustrated 
in Moure 2.4. 
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Overall Processor Control is controlled by (1) the status of the svs** 
tem power surplv and C2) the operator* 

In the ppp-ll/Gi, the processor is Informed of power supply status by 
means of the SOCoh M and bPQh M signals (see Section 2*2«l,3). The 
processor will cause either a Power-uo or a Power*Fail operation to be 
performed in response to the status of these signals* dOCo^ h and 
BPOh H Originate in the h78y pov^^er supolv and their exact secuehce and 
timing details are contained in The M i c recompute r Handbook* In gener* 
al,’8P0K H is the last signal to oe asserted in a Power*Up sequence 
ana the first signal to'go passive in a Power-Pail sequence, hhen 
BOCUK H is passive, indicating the lowest state of the system power 
supply^ it esserts and forces the microprocessor Control chip 
to the Peset state, hhen the processor is in the Run state# the 
change of BPcK h fpom active to passive will cause a Power'fail trap 
to be performed. The Fower-Up mooe is determined via jumper configu- 
ration on the processor moaule. The means by which the Processor in- 
terprets the Jumper Configuration and the pqwer supply status signals 
are further aetailed In the control flow diagram of Figure 2,16-2 in 
the hachine Cperation section (Section 2,3), 


Operator Control over the processcr is achieved through two 
means; (1) the state of the front panel Run/halt switch and (2) Con- 
sole UPT,‘ Placing the Pyn/Nalt switch in the ^*al t Position causes a 
Halt interrupt which 'passes control to the m i c roc rog rammed OPT rou- 
tine, once the processor has entered the Console ppr/nait state# the 
Run state ray be reentered by operator execution of" the »’P” or «G»' 
commands, when the Rgn/halt switch, is in the Halt position and the 
npi«' command is repeatedly issued, single-step program execution is 
achieved,' a complete description of Console qPT is in The Microcom- 
puter handbook. 




As Shown in the Figure 2,^# th 

Status word (psw) register have been oivided up ana allotted to i 
aheas. The four aLU condition cOde flags aPPear in the P'achine 1 
strOction execute sub«area aho the Trace'jr^P endtxternal Inerru 
bnable flags appear in the Trap ^ interrupt Service" sub-area, T 
complete Pbw, which the operator may access bv either the hRS” ("$s 
C onsole oDTcommana or under program control via the mFpS or M^PS" m 
chine instruction^ Is illustrated in Figure 2,^j, The four lower fla 
are conditionally set as e result of 'any processor operation whi 
manipulates oata in the'ALU or moves data within the LSi-ll Hachin 
Data moved between a memory location ana a device register will'affe 
the' condition codes as will the execution of an arithmetic or logic 
Operation, The speciHc condition code functions for each machine 
stpuctiqn is foUnO in The Microcomputer Handboci^t The 
struction {Execute area perfor'^s the operations dictated'by 
machine instruction. All members of the Machine 

Set may be classified in the three following groups* 


I 


2 , 


instruction, «!i n'ciMSytfrs ot m 

be classified in the three following groups* 

Data Manipulation Instructions 

Program co,.tro1 Instructions 


Machine i 
the f e t c i 
instruct 
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3. Processor Status word Control Instructions 

' ,1 

This instruction group includes all single and double operand instruc- 
tions With the exception ot th© pS^ operators MpPS apO MIPS, An i n- 
structiops in this group set or reset the aLCI condition codes as a re- 
sult of the opecation pertohned, Non^ o*^ the instructions ip this 
group can change the processor priority# PSW blT 7# or the trace trap 
enable# PiSw BIT a, . . 
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I 1 i t I I I 
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Nj NEGATIVE 
z: ZERO 

V; OVERt-LOW 
C! CARRY 


Processor Status Word (PS*^) 


Figure 2,5 
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These instructions are listed below. 

Slnqle Operand 

General: CLRCB), CUM(B), NEOC0), TST(8)' 

Snift i Rotate! ASR(B), ASL(B), rOr(B), hOL(B), SWAb Multi. 
Pie Precision! A0C(B3. SBC(3), SXT 

Double Operand General; MOV(tj). CMPC8)# ADDi -SUd 
LoQicals BITC8), 8XC(B), BIS(B), XOR 

The htv'll EIS/FIS C&.X tended/F 1 cat i ng Instruction Set) adds 
four fixed point and tour floating point instructions to the 
grouD. 

Extended Fixed Point 

HUL, i3lV, ASH, ASCH 

Floating Point 

FADD, FSUB, FmUl, FOiV 

THE program control INSTRUCTIONS ARE DIVIDED INyO TWO 
sub-GrOups, depending On hhether ihepsw contents are AF. 

FtCfEo/ jht lxECUTION sy T HE ' FR QC EsS Or OF ANY* INSTRUCTION 

IN the first SUB-GrOup has no effect on tHE pSW contents. 
This s'jb*gf»oup includes all Branch, ju^p ^ * Sub rout i ne, and 
Miscellaneous instructions. 

Branch! BR, bNE, BtQ, BPL, BNI, BVC, BVS, BCC, BCS 

Signed conditional Branch; bge, bLT, 8GT, bLE 

Unsigned Condi t i onal Branch ! BMI, BlUS, bHiS, BLO 

Jurr.p & Suproutine: JHp, jsk, RTS 

miscellaneous! HALF, WaIT, ReSeT, SOb 


The second sub-group of Program Control instructions 'is executed in 
the T pSp & interrupt Senvlce apea s^^own in Figure 2,4, These instruc* 
tions can control every wording bit in the PS'«v by moving a byte to the 
PSW register from a vector location op from the stack. 

Trap & Interrupt; EMT, TRAP, BPT, lOT, Rll, RTT 


Processor Status Worg Control Instructions direct control over the PSW 
register contents. The condition cooe operators may be used to set or 
C]ear anv Combination oT the Con^’tlon Cooe'fiags, The NOP instruc-p 
tion is also included here. 


Condition Code Operators 

Clear; Cl'Ci ClV, ClZ, ClN, CCC 

Sets SET, SEV, SE2, SEN, sCc 
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NOP 

Two single operana instructions belong to this group because 4yf their 
execution affects the Pbw register contents* 

Processor Status word Operators 
.vFPS 

The Mf'P 5 (yove byte Fro'n Processor status word) instruction transfers 
the PSw register contents to the destination contained in the instruc- 
tion, if the destination is mooe PSW BiT ^ is sign extended 

through the upper byte of the register. However/ the (rovement of the 
PSw contents through the processor to the oestination vyill nodify the 
information in the PSw register according to the following rules. 


N = Set if PSW Bit <7> = Ij cleared otherwise 

I = Set if PSw<7;5d> = 0j cleared otherwise 

V = cl eared 

C = not affected 

The MiPa CHove byte To processor Status word) instruction transfers 
the h bits of the source operand to the PSh register* All wopking 
bits may be set or cleared, except the Trace trap Enable (FSW Bit <4>) 
which may only be cleared* 

The LsI-H machine instruction set contains four additional reserved 
Instruction groups which have no assigned mnemonics 

The 21R oPcooe (where R is a 0 " 7) causes the contents of the inter- 
nal temporary registers to be transferreo to consecutive locations po- 
inted to dy trie Contents of realsteh K, Register R iS not restored at 
the end of execution. The internal registers accessed by this In- 
struction are inustratea in Figure 2*6/ which ais© shows their re']a- 
tlonship to the Processor control Functions* 

This Instruction is useo for diagnostic purposes only and belongs to 
the Data Manipluation group listed above, 

Hachin^level execution of instructions in the range of «?20*(£37 causees 
control to be transferred to the microinstruction located at micpOad- 
dress tin user control store). If Control store is not preSgnt 

(or If it is disabled) a reserved Instruction trap through memory lo- 
cation ID Will occur, (See ^he iMCroComPUter Handbook fo^ f descr'ip- 
tionofilleoalinstructiontraps). 

Instructions In the range 07504U through 075777 cause control to be 
t rans f erred to the microinstruction located at microaddpess 3005 (In 
user control store). If control store is'not Present (or ff it 'is 
dis3bied)i a reserved i n st rue 1 1 on t rap t h rough memory location 10 will 
occur. 
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The avaHahility of writeaole Control Store enables the user to design 
uniaue machine inst rue t i ons e These instructions are baseo on tHe 
07 fe 7 Xx operation Co^e assignment# as 'showp in Mqure <»« 7 » 

The execution of any of this type of instruction causes control to be 
transferreo to the microinstruction located at address 3^)01 where the 
microprocessor begins execution of the user-microprogrammed routinCf 
Note tnat ail instructions of the i^jToXXX format transfer Control to 
the same m i c ro 1 oc a t i on C 3 CvU)# but only opcodes in the range (^ 7 b 7'^0 to 
076777 may be utilized for user instructions. The lower six bit Posi- 
tions miav then be employed by the user to differentiate between "user 
instructions or to carry data to the mi c rcprocessor* 

The Address Generation area serves both the instruction Address and 
Operand Address generation functions# instruction addressing employs 
deoicateo register Hi as the Program counter (PC) and increments' the 
counter bv the nymper of word addresses required by the machine in- 
struction currently Under execution# Instruction addressinQ may eiso 
be moaifieo by Program control instructions^ Trap & interrupt Service# 
Power*Up routines# or ov operator intervention through ConSol® GOT. 

Operand Address generation supports the eight General Purpose Register 
addressing mooes ang the four Program Counter addressing modes for de- 
ter"^1ng t^e source a^d dest i nat 1 on opepanos# Register R6# dedicated 
to Stacn Pointer 'use, is employed by’the Operand Address generation 
function. Trap ^ interrupt Service operations# and by the 
JuiTiP 4 Subroutine machipe instructions in the'Pro9ran Control 9hodP» 


2#2#b The LSI -11 writeabie Control Store 

The User - ^M’erOpro drammed machine instructiob format (illustrated in 
Figure transfers control to the user control store area (Write, 

able Control StOpo)# The us^r contpol stOr® area is composed of pan- 
dom access Keao/write semiconductor memory which' contains the 
use r-prOQra"’-med microinstructions to be accessed by the micro- 

processor, The i ni^^'^ConndCt i on between the LSI-il processor module 
and the wpiteable cd'^trol Store C^c^) mocgle is shown, in Figure 2*8# 
The wCS mj^duie is Connected t© the LSI-n machine in tWQ waysj 

1, , LSI-113ystembus 

2# i c romac h i ne Mi c roi nst ruct 1 on Bus 


2. 2*5,1 uSi-11 System yus connection - This connection is established 
by the pplpted circuit Coptact f 1 pde r s 'wh i ch insert ipto the ^Yste^ 
backplane. The W^S module contains lu24 2W-bit microlocations i^which 
may be read and w r i 1 1 en- v 1 a P rod r ammeo 1/0 pDeratlo'hs, The L^I-ii 
system bus i nte rcon,,ec 1 1 on and wCS module cont»*nl and data regisYers 
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ape aetailea in Chapter 6. 


2.2t5,2 MicroinstPuclon bus Connection •• The connection between the 
iSl'-ll processor control area and the wcs nooule is established oy a 
special m i c ro i n s t rue t i on bus CpiB) cable. The thiro .■^ICPuH socket on 
the LSl-ll ncoule (t32 on the M7264), which is usually occupied by the 
EIS/F13 oction^ provides access to the PiB, The processor control 
area senas nicrolocation address inforn-ation te the wc$ ncaule and the 
contents of the selected location are returned to processorfor’use by 
the n i c rOp rOC e sso r as a n i c rOi nst rue t i on. The processor ^CS pOrt is 
Read unly. 'acS r.enory contents can be read but not altereo by the 
boj-li processor via this port* The ^CS ’’■efrory pe r ^ o r<^s the same 
function with respect to the m icro machine as do the miCrOms locatedon 
the module. The details o f m i c ro 1 nst rh»c t i on access ape conta- 
ined in Chapter 3, 


2,3 r^ACHi.Nt OPtRATiDN 


2f3*l basic ^lachine Cycle 

The basic machine cycle in its simplest fepm is a repeating sepuence 
pf Fetch Machine Instruction - Execute Hachik® Instruction oP^hationS 
as illustrated In figure The fetch operation may reauire one 
DAT! (DAlA-IN) bus cycje apd the Ekecute operation requires on® o** 
mor® bus cycles as determined by the instruction being executed. 
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Figure 2,7 
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2,3,1,1 bus trror ]r;^n - in^b)e'^ented t^e baslc .T^achine cycle is 
the syster bus erroi* trejo T.€C»*'aniSfr, *vhich a If cJ'as the processor in re- 
covepin:^ ^rOiT' a syste^Ti pus error, A bus error occurs whenever the 
processor aoaresses a meniorv (or device) location ^niCh not ex^st 
on the syste'T' bus or >~h^cn does not resocno due? to a malfunction. The 
bus error trac is initiated bv a timeout sequence which is implemented 
in the processor bus control circuitry, Ihe bus error condition oc- 
curs wner no merory o'* device response is received within 1/5 microse- 
conds after in itiating the bus cycle, A bus error can occur for the 
Fetch OATI bus cycle as well as for any bus cycles performed during 
theExecute operation. The trap which responds to the bus error 
causes the crocessoh to push the PC Counter and F$h values onto the 
stac< ano to load new values from the trac vector locations (Iv^ .and 
12), The Vector aodreSSeScPotain tre ne^ PC anp T^E ngw P5W, 

when these operations have been completea# the processor will fetch 
its next instruction from the location pointed to by the new PC# 
However# it is also possible that e fetch from the memory location po- 
inted to Oy the stack pointerw^l] also cause a bus error, resulting 
in a double bus error condi t i on. The' processor response to this con- 
dition is to enter the Halt state. The single apd double bus error 
trap operations are illustrated in figure 2,10* 


2,3, 1,2 External Interrupt • Jhe basic Fetch-Execute machine cycle 
can be modified to allow an external event to gain control o"f tf^e pro- 
cessor# aslllustratea in Figure 2 , 11 , unce the execution of a 
fetched n-achin^ i nst ruct i on ' i s completed. Control passes to a decision 
which i n t e r rcgat es t he machine interrupt status, if an interrupt is 
pep^bing# the processor action is n^^rlv identical to that caused by 
the trap (tne current PC and PSw values will be pushed on the stacK 
and new values loaded from the interrupt vector). The interrupt vec- 
tor ■’^ay be automatically known to the processor (as in the Event in- 
terrupt case) or the processor can obtain the vector from the inter- 
rupting external device (see section 2 , 2 , 1 , 2 ), 

When the PC end P5W contents are replaceo, control is returned to the 
interrupt decisioh. This control flow enables the creation of an i n- 
terrupt (Spd trap) c r i ^ r i t y s t rue t u re that determines which Q^e of a 
number of si f^ul taneousl y active interrupts is to receive sepvicei 
Note tret the ahaptinq of service to external device interruptl^ is 
still oecenoent upon electrical bus position relative to the proces* 
Son, SinCe Control iS always returned to the to® of the decision 
path# all interrupts are assured of service# in order of decreasing 
priority, befchg nohmai program eXgCUtion resum eS, 
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2 5 13 Co’-bioecl Trap ana Interrupt Cvdc - eecause of the similarity 
between tne interruct ana trap operations, a sinale m 1 e roo rog r anmeO 
routine inple"'ents t»,e reQUireo fupctions. The VgCtor ^ ' 
storeo in an Internal register before the routine is enteren. An ad 
ditioharflaa Internal to the processor Inoicates the double Bus error 
condition (see Section a. 9). The comblnec Interruot and trap control 
flo'^ diagrarr, Is iilustpatea in Hgure 2,12* 


2*3«2 Machine-Level Operating Cycle 

The essential orindples of tne control flow conf I'purat 1 on Illustrated 

if^^igurei?* 12 'T^eybesurrrnerizeaasfo^^o'^s« 

1, The untracpea, un i nt e r ruP t ed machine Cycle is e repeating se- 
Gunce of hetch hacnine instruction - ti^ecute Machine Instruc- 
tion operations* 


a. 


The trap facility allows the processor to recover from a 
C 5 inqlel buserrorconoition* 

The control flow configuration of the interrupt and trap op- 
erations! in conjunction the hardware stack, implements 
the interrupt priority hierarchy. 


These principles a^e also apparent in Figure 2s 
exact m^Ghine-wlevel control flow ciagra’ 
must detail the transfer of control between the 
Chine levels apd is preSente^ in a later SeCti 
trates the h^^tch-^xecute-T rap/ interrupt machine 
cient fof' Con^^ntion^l rr.achina levs] prc9harr.m,^ 
tion in the control flow of the Trace Trap yit 
External interrupt tnable Bit (PSw bit <7>)* 
paths to the Consol^^ oDT/Holt state. as well as 
leave ODT ana re-enter the petch-Lxecute cycle 


13, which illusti^ates a 
^ The complete diagram 
machine and m. icroma- 
on* h^gOr'e 2*13 iilbs- 
cycle which is suffi" 
n9. It shows the loCa- 
C P 5 w ml < a > ) , and the 
Also shown are the two 
the two paths which 
of the Run state. 


? T ? 1 Rgn/Halt Portion - The Pun/Halt portion of Figure 2.13 is ex- 
Tracteo ano Illustrated In Moure a.la. the two means of entering de 
Halt state 8re= (1) the execution of the Halt machine ^struct on and 
(^1 thp assertion of t^e Halt interrupt. Tne latter is asserted v a 
thl bis control signal inALT L by setting the ""T.'PC 

rwitch to halt Or Py pressing the console terminal BKfcA^ key. - 

contents are printed on the terminal immediately upon entering the 
Halt state, Ihis Qives the location of the next instruction to be 
just executed, Fither the "P” oh ’’L” Corrm^ntis r.S''' entered y 
oprrator at console terming* entering the CPhOcBld) command 

passes Control directly to the r-iachipe Instruction hetch oP^r^tion. 
The "G” CGC) ccmmanaloaas a new Pq value (nnnnnnG) and zeroes the PSW 
(which enables e x t ern a 1 ’ i nt e r r y p t s ) before passing Control to the ma- 
chine instruction petrh operation. 
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T rdc/ Interrupt Portion - THe 1 r ap/ jn t e r r upt portion of 
Figure P.13 Is extracted and illustrated in ticyre The Trace 
Trap nas tne hi chest Tach1ne»1eve] priority andaftccts control flow 
before any external event. The Trace Trapuses the sane vector value# 
(Ola)# as tre Irreak point Irap(HPT) instruction. The hardware trace 
Trap# irrplenentea via Pow B^T , ana the softAare Trace Trap# inple- 
nented via the execution of the BPT i nst ruct i on, are used to support 

progranaeougcing. 

The external interrupt Disable PSw Bit <7=1>) can divert control flow 
around Event and cevice interrupts. 'when eOaoled# the Event inter* 
rupt, asserted via the dus signal beVNT L, will “receive service before 
any device interrupts* ^11 external oevice$ nayinq interrupt capabil® 
itv assert the sane interrupt request line, BIRD L, interrupt priori- 
ty external to the processor is deterfi'ineo by the position of the mo- 
dule in the LSI-H oacxPlane. 


2.3.3 Complete h^achine-Micromachine Operating Cycle 

The complete control flow diagram which makes apparent the transfer of 
Control between the machine and micromachino levels Is illustrated in 
Figures 2.lo-l and 2. lb-2. A’greater number df machine instruction 
examples are used to represent the decisions maoedurlng the Execute 
Machine instruction op«»*aHon of the basic machine cycle. Many'of the 
examples useo demons t r a t e t^e internal sharing of th® m 1 c roP boghammaci 
T rap/ I nt e r ruct service routine. 


2,3.3, 1 


bus Error Processing 

n 


- The entry point at the top of the 


pQwer-Dd decision flo'^ ^n hi9ure 2. lb" 2 is the result Qf a hardware 


0 _ 

reset in the case of a bus error. A wait stat® occurs due to an yn« 
responding pus device, out the wait is terminated by a 10 microsecond 
timer on the i__Sx-ll that CPU module resets the mi c roprocessor* When 
reset, the mi c roprocessor begl ns executing m i c >o i n s t rue t i on s at micro- 
location BBbi, Tne FDin CFast Uata-in) Operation is used to to deter" 
mine hOw control flew arrived at that entry point, eit-her by bus error 
Or py Po<^er*Up. if a bus errOr was the cause# only one of the 6 pos- 
sible bus errpr types will result Ip a trao through vector lo^^^^on 
00 a, The first possible bus error is used by a microprogrammed UD^ 
routine t© aeter-ilne memo^'Y size (Boot Seit-size), The secon<^ 9us 
error tvpe occurs when the ooerator attempts to examine (using Qonsole 
OCT) a Tgincry or deYice hg.gisten i^'hich goes not r^spong. In this 
case, control is returned to a point within the opT microcode 'and a 
is printeo on the ConSoie terminal. The nei^t three bus erfof* 
types are regarded as fatal and result in a processor Halt, These er- 
rors oocur ( 1 ) when ^r\ interrupting device does not return a vectof*# 
(2) when a microprogrammed refresh does not receive a replyV- or 

s.? 


(3) wnen a ocubie bus error occurs 
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i 

a, 3. 3,? ? rer/ Inter pupt Processing - Tne T rap/ 1 nt er rupt oecislon flow 

Indicates t^e priofitv with which the m Icrcrr.eChIne Interrupt register 
Is interrogateo. This Internal rr. icromachine interrupt register Is 
lustrateo in Figure d • l7 • tneseven 1pter'*uptS| tour are external 

ana three are Internal# An internal Interrupt In this context Is one 
which cap pe set or reset only under frlcroProQ^am Control* 

The highest priority Interrupt Is I6 which Is used only at the micro- 
machine level to determine whether an external interrupt 
Cl2: tyenti l3j Oeyice) is pending# This facility enables a lengthy 
mlcropoutine to aoort execution ana grant Interrupt service to the 
external tyent Op device Interrupts only# If 12 Sop 13 Is asserted^ 
while 16 Is enabled, control is transferred to microlocation from 

any ’ ft 1 c ro 1 n St ruc t i on which has t^® PSVC bit Colt s^t to a "I” 

after the next subsequent micpolnstructlcn is executed (only If nei- 
ther one of the m 1 c ro 1 nst ruct 1 ons is a jump op Keturn fpom Subroutine 
ml c hoi nst ruct i on) • 
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14! internal trace trap EIT (PSw BIT»4) 
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2,3, 5,3 t^o>er*up Processing - if the tor oecision In the Power»Uo 
flow oeter'^i^Gs oo Dus error occurea# a P'ower^Up routine begins# 
The first evmt is to issue an initialization signal on 61 MT L and 
then wait for tus oOwer to coj’ie up H active)# if enaoled# dy« 
namic n'ef^crv refresh will also occur in this seouence, ivhen bus oower 
arrives# t^e junperev-J Hower-Up option is accessed by the Microproces- 
sor through the FUlN oPonation ^nd Derforfred, T^ie fo^n Possible Power 
UpnodesareHsteobelowJ 


MODE 


iOUt 1 


f' ' C D E 2 - 


mode 3 


The PC counter anc the PijW are loaded fron^ lo- 
cations 2^ and 2b# respectively ano Machine ex* 
ecution begins. If EHaLt L is asserted, con- 
trol will be returned to Console'qOT/halt# 

Control passes immediately to console QDT/halt, 

The processor PC is loaded with 1730«0# the PSw 
with 200 (External interrupts Disabled)# and 
Machine execution begins. As in MODE 0 # the 
processor will halt before the f i r st i nst rue* 
tion is e^^ecuted if bHALT U is asserted# 

Control is immediately goes to m i c ro 1 oca t i on 
3tM;!2, the control store entry point for a 
user* microprogrammed bootstrap routine. The 
status pf EHALT L ha- effect on this Control 
transfer. jfcontrol store does not exist at 
th^t m i c roaddress # a trap to vector location l!iJ 
occurs# 
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The Hefres^ inteppuct (v/J has t^e highest priority ot all inteppupts 
external t© m icrcnacnipe, .^hep enabled via a jurrPer on the LSI"li 

processor# i" is asserted every l.b-irilliseconds* This interrupt is 
usually transc-arent to the rrachine-ievei obepatiop o^ the prccessoh. 

The refresh (kFksm) operation which follows It'’ has control transfer 
lints to the ivAll C-‘'ATJ machine instruction^ to tne hDXN-POK seauence 
and to the u*^'T/halt routine, These lints exist by means of special 
translations which are implemented in the microprocessor Control chiPi 

The Thace Thap bit CI*^)# the External Interrupt Enable Bit (Id) and 
the two external interrupts# Event (12) ano Device (li)# are unchanged 
from their representation in hjoure 2*15. HoweVgr# the e^l^ern^l Halt 
interrupt shCwn in the earlier figure is shared with the Pows^er^Fail 
■function (PPHALI). ThC r,n c r o m3c h 1 epPloys a hast Data-In operation 

to determine which event has occu'red. 

The Trap/interrupt priority structure is the composite result of the 
Internal micromachine interrupt register priorities# the micropro** 
gramm-p Power- Lie an'd bus error routines# and the oV®r-*aii Control flo^ 
configuration. The combined priorities may be ordered as follows! 

1, Bus Error Trap 

2, External Interrupt Test (I6) 

3, Memory Refresh 
'Machine Instruction Traps 

5 , Hardware Trace Trap 

6, Ha 1 t L 1 ne 

?• Hower-hail Trap 


Event Line Interrupt 
9, Device (Bus) Interrupt Request 
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3,1 GkNkRAU 

Ti*'e? 13 1 "•11, processor illustrated In Figure 8.3 is implemented Dy a 
La rge-Sc 3 1 e« I Pit eg r a t ed mi c ropro^^^ssor which is mi c rQprodrammSti t© ernU*" 
lat® the P 0 h’«tl architecture, L'^'^u^dtion is th® technique whereby the 
gener-M resources tne m i c roprgcessor are to serve as the spec* 

ific architectual components CgR. registersf I 6 *bit aLU» etc*) of the 
LSI’^U, This Chapter Contain*'^ detailec description the michopro*' 
cessor which is =™ade up of the control chip ana the data chip' on the 
L3 i*U module. 

For the purposes of m i c roc rogramml ng, it is us^tul to view the Control 
anO data chips as a single m 1 c rOp roc e s so r . • That the entire micrOprO* 
cessor c a n b e i m p ] e -m e n t e d on o n 1 y '■ t w o 4 0 « p i n l 3 i chips is d u e ■ 1 0 ' e f f 1 » 
cient oa r t i t i "i oq 0 t the mi c rOprOcessO r fubcticns* ^he majOp inter" 
Conn^etlpn path betwee^ t^e tw^ chips is the h i c tq i pSt rue t i pp bus 
jn addition to croviding a common bus tor the micromachine in* 
St rue t ^ opS/ t pe Mif? ,• s a ^ Sp t ^ 1 t ^ P 1 e>< ed tq prov’^ae ay«^]]'^ary 

control paths between the pata^^ontrol^ and HicRUH chips. 









3 • 8 1 M b !'■' I C H 0 F H n L L 5 5 0 R 

The complete microprocessor is Illustrated in tigure 3,1, There are 
several s i i * ^ r i t ^ ^ 3 which may be df^awo bet we this i H us t r ^ t ^ and 

Figure 8,3 (l3j« 11 Processor)* both figures contain a register file 
and an a r i t h i •■! e 1 1 c logic unit and there is also a memory component e v i * 
dent inboth ti gyres, hiogpe 8,3 contains the system memorV while 
Figure 3,1 c 0 n t a 1 n 3 the M i C i-? 0 d s , However, the programs contained in 
tht? rilCh’fj.MS (along wit^ the facilities of the translation array) effi*" 
c ^ e n t 1 y 0 r g a n i 2 e the r e s o u r c e s of the m 1 c r 0 p r 0 c e s s Q r to achieve an e m » 
uiation of the machine’^* level architecture shown in Figure 8,3, An es<* 
ample of the differences in the two architectures may be seen in the 
register files. All six of the general p u r f' o s e r e g i s t e r s in the 
Ls3I«il processor are Id-bits wide and support both byte and word ad* 
dressing, however# the resist bp file in the '^'iCr^^pr^^^ssOr Is com* 
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posed o-f 2t> oytes whlc<^ support a cO'Tib i nat 1 on of airect and 

direct addrcssinp mooes# The register 1 ab e 1 s c o r re spond to t^e 
genera] purpose registers# the stack pointer# the program CoUnter# 
the five internal registers indicated in pig u re 2,6, 


i n •• 
si X 
and 


There is am a step control section in Figure 3,} which is roughly anal- 
ogous to the processor control section in Figure 2.3, All micronna- 
chine instructions# whetner fetched frorr! HICRQd or from user control 
store in the vCb module# ape Icrsded Into the microinstruction register 
for ei<ecution at the micromachine level. The two Data/AOdress 
(qA/AOR) registers# the two franslation (TR) registers and' the inter* 
ruDt ^IHT) register provide register interface and buffer functons 
between the rm c romac h 1 ne and the outsioe world of the system 
bus. To c^r^piete the' analogy with Figure ^, 3 # the LSi-n system bus 
is to the r.. icroprocessor as the input/output devices are to the 
LSI* i 1 processor. 


THfc LDl-t\ ^ICRUMACHlNt STRUCTURE 


P AGfi 




R BA 
K 5 WC 
R Do! 
R I'w 
R P'o'f 
R 5R 
R PC 
R 

R R <4 
K R 3 
R 

R R I 
R H 


H/l 
h/L 
1 *' / L 
h/l 
H/L 
H/L 
h / L 
n/ L 
H/L 
H/L 
h / L. 
h / L 
H/L 


} ■ 1 [ R£TlJP^ 3 

I (-««) 1 1 

I j j * ) I (•»*•« - I I » 


I } 


A/ IN 

>-ea«'] { ^■asiKWWWiwW'ntw 


\ A 
'\ 




9 fa ‘Vt t» ^ I 

/ / 1 

L U / i 

/ *• > I. S H / C C J 


‘ •I'll 1 TRA »£T I 1 

;• } ;• I IHQ AOR rlg JXX jhp 

L ‘ 11 r I \i/ \!/ \R 

j j i j [LUCATIO?^ COONTfcfl 1 

1 I i ■ I 1 

j { ! } • 4- 1 3 » *» I » > « “ * ** • 

r I I. ■ ' * , 

3 j ( 3 } j j 

I I j 

jj' I I sao» ««•»»*••»’»’■** I 

iONtRGlj I 1 I translation I } 

, I ’ *»«««.»«»«>! array I I 

J CTSR) I 1 

I ^ ■ Z , - I I 

j-j'j I j I 

I I j I \j/ MiCRUI^iSTRUCT lUN bUS N(/ 


! i 1 1 


\ 1 / X ' 

. / A D i-; H 1 3 I U A / A 13 R R ^ 3 


I D A L G 0 0 / I 

«.««!?!»« aoww***?****") I (' 

0 4L iiH* 1 i I I 
\ 1 / \ I ^ 


. *»»»**■ 
IT* SB W «9 !» •» 


m » (9 SO! >*» S» M 

1 nICROMS 1 
i 11 
10 It 


ITH R iJ [TR 'Ryl 
/t\ / 1 \ ' /is 

1 -■ 1 1 ■ 


I BUS TRANS 


•sp i#« a# w «* ’ 


CEIVLRS and INTERPaCL LObIC 

/ IN 


LST-U system 


microprocessor CONfROL AND DATA CHIP DETAIL (INCLUDING MICRON) 



THt L5I-11 r-UCRUMAChlNE STRUCTURE 



PAG£ i-4 





Th£ LbI-11 MICKU.'-^ACMinfe: sSTRUCTUHt 


PAGE. 3-b 


Fioure 3*2 provioes an overview of microprocessor operations. The 
figure is in the same format as Figure 2,^, Cprocessor Control Func« 
tions). The Compute and controls and the c '‘o 1 oca^ i on Address 
Generation functions are discussed in section 3,3,2, M1eroin« 
St ruction Execution functions Bpe discussoo in Section 3,3,1, 


3,3 i^ICRUPt^QCFoSUh PARflTIONiNG 

The effectiveness of the m icroprocessor partitioning Is illustrated in 
Figure 3,3, Aj] Chios within the micromac^ine (Controls Data# Ml" 
CR0'''’S1 receive d four-phase micromachine clock from the LSI-H circui- 
try, The c-2«oit microinstruction bus pr'^vioes a communication path 
between an micro machine elements, Sis^tecn lines the MIB are 
men to all three chip tvpes# while hld<lh> an a are connected 

0 n 1 V b g, t w a e n the n I c h U m Chios and the C o n t r o 1 c h i o » The last four 
lines# (Mjh<21;l6>j lead directly from the .micPQM chips to the TlL 
Control Iodic on the LSI-n .^lobuie. The TTL Centro) )o9ic is ComP'osed 
of the BUS Transceivers and interface Logic shown in pi sure 3,1, The 
operation this lo^ic is detailed' ip The m i c r qC prnPU t e r Handbopl^f 
The signal paths and control'functions on the'^^Sj-ll system bus side 
of this'ioyic were discussed in Chapter 2, The connootion^ on the fni'* 
c r 0 m a c h i n e s 1 d e a r e 1 i s t e a i n p- i g u r e 3 , ^ , 

The Special control Functions which are generated by the a highest Ml- 
CHpr, bits Cnib<21:l8>} are distributed to the two major logic areas as 
listed in Figure 3,B, 


3,3,1 M i c roprocess.o r Dat a ch i p 

The components of the m i ^ r op roc es so r which are implemented in the Data 
chip hays been extracted from Figure 3.1 and are 1 1 1 us t r a t ed ' ,i h 
Figure 3*0, Th«? data Cp^o s Connected to tj^e sixteen lowest lines 
the Microinstruction gus (MxB’^l'd;d0>) ana to the signal, T h e 

data chip's access tp the Lbl^n System Bus is pr^vided by 'wDAL< 07»00> 
and wOA|^ <l5jbb>, m i c rb i n s t r uc t i on s fetched f rom jCR qib _ a r e loaded 
into the Microi. nstruction Register (MIP) for execution” by the data 
chip. The Hxb also provides a signal path back to the control chip 

for conditional jump instruction results. The 16 WDAU lines provide 

bidif-ectibnal accegg t® LS1*»11 gyst®'^ bus 11^63# BDAL 

The output p a t h ’ 0 f the w 0 A t lines is c u f f e r e a 0 y the two D a t a / A cl d r e s s 
Regist^rs^ PA /ADR HP 'and OA/ApH Rl, which hold the Output data Or ad- 
dress information for the Lbl^H bus drivers. 

The .maJor elements of the data chip ahe listed as follows? 

1, Microinstruction Register 

2, Register File and Indirect Addressing Register 
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i, Afith't'^etlc Logic Unit 

4, status Bit /Condition Code Flag Register 
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3 a 3 »l,l '^Mcro instruct ion Register - Micros a cRine instructions deliv- 
ered to ttte data chips are loaded into the mIH for execution* The 
portion of the T*IK contained in the data chip is only 8 Pits wide, re- 
flecting the tact that only Microinstruction bus lines Mib UU -15 are 
connected to the data chip/ 7 he Mid supports tour types of m i c ro in- 
struction cpcooe formats, as listeooelowJ 

1 , u u p K 0 r m a t 

P .9 Conditional Ju rn p Form a t 

3 * Literal F o r ri a t 

Hegister Format 

J u m P f- o r n a t 

The Jump format Is illustrated in Figure 3 , 7 . The opcode occupies 
bits 2 00 is equal tsO U ( 0000 ), The jump address is contained 

in bits and tnis H’^fcit jgm.p address can transfer micromachine 

Control to env of 8 0 ^4 3 rA-jCrolocation^ addr0ssab]o '^i^hin ^he 000* 

t r 0 1 s 1 0 r e , 

The second of the two possible jump format Instructions is determined 
by b i t * n ■ of the . 7 > i c r 0 i n s t r u c t i o n , when bit H is a ’ If the m i c r 0 i n - 
struct ipn executes a Return Prom Subroutine (RFS) 'oR^hatlom, The 
L S 1 i 1 mi i c p 0 p r 0 c e s s 0 r s u p p 0 r t 3 only one level of s u o r 0 u 1 1 n e at the mi- 
c r o P r o g r a rn m i n g I e V e I , 

Conditional J u .n o Format 

The c P n d i 1 1 0 n a I Jump format is shown in Figure 3 , 6 * The c 0 n d i 1 1 o n a 1 
JuniP T.i c rpi nst ruct i on '* s differentiated from the previous (UnCondi- 

t Iona I) jump microinstruction by the contents of the opcode' field* 
Cond i t i one 1 j Umos are indicated When bits <iSU 2 > are a i CUBUl). th® 
condition field# bits <in8># indicate which condition must be satis* 
fie^^ for the jUmP to take Piec^, The Condition tgsts t^^^ ALU status 
bit and conc'ition code flags os well as an indirect condition Status 
bit* If Ju/rP Ccn^’tionS are satisfied, f,,. i c Poml^c h i SontrQ] is trans- 
ferred to the microlocotion contained in the 8’^bit address^ field* 
SipCe or IV 6 bits are av3i]ab|e f^r address Information# Control may 
be trabsferreci to only locations within the current 128 location page, 
T^e remain inp 3 address bits wj^iC;^ were evident in tRe (Unconditional) 
jump m i c r 0 i b s t r u c t i 0 n a r e d e t s r m i n e d fey the C u p d a t e d ) value of the 
current location cOUnt0r, 
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^0 


Li teral Tor^iat 


The Literal Pop n-' at microinst ruction, illustrated in Pigure 3,9, pro^ 
vidss a means for generating constants within a microprogram. The 

contents of the s^-bit literal field are determined at the time of mi« 
cpoprogram assembly andmay'not be changed by the executionof any mi* 
w cro instruction, 1‘he remaining fieia, bits <3»0>, is called 'the A 
field and oetermines which mi c roorocessor register is accessed through 
t h e ” A ■' r e g i s t e r p o r t , . 







Register format 

The Register Pormat microinstruction. Illustrated in pigupe 3,IU, con- 
tains a s econo register field, the ”8” field* The b pOpt on the mi- 
croprocessor register file is a Read Only port# whereas the A port 1s 
a Kead/write port. Register format mi c roi nst ruct i ons are either byte 
Or word instructions, in the case of a byte operation, the microin- 
struction executes in one micrbmachine cycle and' the operands ar© de- 
termined by the Contents of the A an.o 6- register fields, A word oper- 
ation reouires two micron^achine cycles to execute. The second byte of 
a word operands is oeter.nlned by e omP 1 err,e n t i n9 the lowest bit oi* the 
register field during the second mieromachine cycle. Thus the low 
byte a word i p s t r uc t i on 1 s supplied by the c^j^tepts, of Ra (oh Hb) 
and the high byte is supplied by the contents of Ra + or ** 1 Cor Rb + 
or - 1), The ALLIES status bit and Condition code flags reflect the 
result of a word coeration in the case of a word microinstruction, 
just as the/ Reflect the resuitof a byte ooeh^tion in the case of a 
byte microinstruction. Direct and indirect register addressing Is 
suppohtod by Poth A and B register fi'eids. 




3 , 3 « 1,2 Kegister File and X nd i'rec t Add re s s i nd Register - The register 
file is composed of 2o 5*bit registers which provide temporary storage 
for data apd address info^* motion for us^ by ei^heh i-fiachine CoP mi^Po* 
machine^ level programs. These registers supply operands'to the ^LU 
withput s/steiT. bus cycles ar,d are thprefore accessed at' high speed,' 

The contends of the register file may be accessed either directly op 
indirectly. On© group of registers may be accessea onW directly, a 
secdno grOgp only indirectly' and a third grogo may be accessed in el- 
theh way, ss illustrated m Figure 3,1U This illustration useS the 
convention that directly addressed registers are preceded by and 
Indirectly 60 dressed registers are preceded bv ”G-’, Figure 3»il ^iso 
Indicates the machine- or micromachine-level u^he of each register. 



The three highest bits of the A and B register fields determine wheth- 
er OirdCt Or Indirect addressing is in effect. When the three highest 
bits are all zerg, indirect rngde is indicated and the G register Con- 
tributes its thr^e bits to the final, indirect register address, 
Sinoe lowest bit ip eacp.fibid be ©it^^er a i or a 0 , indirect 
wora addressing is achieved by compj emen t 1 ng the lowest bit during the 
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second cycle of a tv>.o«cycl0 word microinstruction, 
trates indirect addressing used w^th i:he Lateral 
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Figure 3»12 illus-* 
microinstruction* 
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■A'5?S 


'teS^ 


for at. It should be noted that all Literal format microinstructions 
are single-cvcle end also that since the re 'lister Held is in the A 
position, register access is obtained through the Keao/^'lrlte register 
f i 1 e po r t . 


Indirect adcressing with 
t r a t e 0 in Figure 3 , .1 i , 
the A and Fj 
used in the 
r e c t modes, 
struct! ons 
Set, 


a Register Format microinstruction is illus- 
ihe G register contents are t’ne same for both 
field in o Tract addresses. The register addressing modes 
Recjister Format may be any combination of'direct csnd indi- 

- pormat micpoin« 


A d d i t i 0 n a 1 
are supplied 


specific details of ReQister . . 

in Chapter The Hicromachinexmstruction 


Data m a y 

A port. 


be 


vvritten into specified register locations only through the 
[here are four possible data sources which lead to the A 


port/ listed as follows! 


n ALU Output 
The Output 
file. 


of the AlU is returned to the register 


Cl 


2) ALU Status bit and Condition Code Flags 


3) 


The result of ALU operations 
status bit and condition code 
a specified register^ 

UDA <U7?0U> 


as monitored by the 
flags may be stored In 


wPAl <15S0a> 
since the Write 
S' bits w i a e # 
w or Q 
m u s t 


access to the 

an Operation 
C 1 0 w and high b v t ^ ) from 
require atleast two micro machine cycles 


register tile is only 
which loads complete 
t e L s H u s y 3 1 Q r)i ■ bus 




0&% 


The Indirect or G register supplies the 3 highest bits of the final 
^ b 1 t indirect- register a d d r vS s « The G r ® 9 i s t r is 1 o a d e o only via 
the Load G L o C L G L } or Input word ( I W ) m i c r o 1 n s t r u c t i o n s w h 1 c h are 
described" in th6-> neT<t chapter# Note that there is no mechanism which 

i nO 


re me 


fp«n 


ts, decrements, qT c]ears tj^e G register Contends* 


w 




3 s 3 » 1 
c e p t s 

file* 
s r a n d $ 
Which t 
1 0 g 1 c a 1 
t h i 


3 Arithmetic Logic Un|t «* T hO mi c roproc^ssor data ChIP ALU ac- 
an 6 -bit operand each from the ^ ^nd ^ ports of the register 
bo^h hegister Ports operate in the mobe to suppiy the oP- 

and tne aLU result is stored in a register through the a port 
nen rates in the write moole, the ALU perfprrns extensive 

Operations, Arithmetic opera ions executed at 


a n 0 a r i t h rr, e t i G 


-icromaChinC leve) may use twg^s Complement ©r decimal CBCD) 
number r €?p r e s e n t a 1 1 on , BVte operations are executed in a single mi- 
cpornachmo cyc]e while wgrd operations require two cycles. 


/Si 
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3,3,1,^^ Status Bits and Condition Code Tiags * The results of ALU op- 
erations are monitored by the status bit a^d condition code flags* 
These flags are oroanized in a register format and are updated after 
each :,LU operetioi^, Kigure 3, Id Illustrates the flag register organi- 
zation, The Condition code flags are upoated selectively, A given 
Register FOrfi'at microinstruction v^ill leave the condition cooe flags 
y n 0 d i i ^ d if the o p c d e is an even n u m o e r # h e r e a s an o o o o d e having 
a n odd number i H update the flags. This f e a t u r e Is useful in per- 
fonminQ intermediate data rr^i'*iibUiationS which Oq noi" affect, the PDR— 
condition code flag results* The ALb status bit flags are updated 
after each ALU operation. 


The Operating rules fOp the condition coce fla9s are listed below5 


CUNUlTlUN CUDt hLAGs 


I 


This flag is set 
the result of 
zero. This flag 


if the .TOst si 9 nficant bit of 
3 byte or a word operation is a 
is cleared otherwise. 


iN I This flaa is set If the most significant bit of 

■ the result of a byte'op a word operation is a 
This flag is cleared otherwise* 

C • This flag monitors bits which are carried# bor® 

rowed I or shitted according to the following- 

Add and Increment 

This flag is set i'f there is a carry from the 

rr-ost significant bit f byte wgro opera- 

tion, This flag is cleared otherwise, 


Subtract and Increment- 


This flag is set if there is a oorrow from the 
most significant, bit of a byt^ or a word opera-* 
tion* 


This flag is cleared otherwise* 
3hi f t 


This flag is set If the result of a right op 
left shift gperation is to shift a \ off the e^^d 
of the byte or w o r d * This f 1 a 9 is cleared o t h - 
e r w i s e , 

Note that the C flag Is affected only for opera* 
tions in the areas listeo above, 

V s This flag is set if an arithmetic operation re- 

sults In an overflow,’ This flag is cleared If 


H A G 


Tht Lbl-n m1cRUMachIN£ STRUcTUK£ 


no overticw occurs or If the operation performed 
is not en arittimetic operation* 
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Since the ALU status bit Tlaas are uPUated aft^r each 8-bit ALU opera* 
tion^ they are useo by the friicrprocessor to handle carries and borrows 
(for exafTple^ during a word operation), Consecuentiv they are updcsted 
only for a r i t h ir'e 1 1 c ^ shift, test and compare m i c ro i n s t rue t i ons , 


STAIUS HIT PLAGS 


Z8 ; 

NS t 


This flag Is 
operation is 

This flag is 
the result 
This flag is 


set if the result of a byte or a word 
This flag is cleared otherwise* 

set If the most significant bit of 
of a byte or a word operation isa 1» 
cleared otherwise# 


Li4 3 This flag is used only fo»* operations involving 

decimal arithmetic* It is set if a carry fpo^the 
thirdbit to the fourth bit is a 1 # This flag is 
c T eared o the rwi se* 

C3 : This flag is set. If the carry from the most 

signficant bit is a 1 or if the result of a shift 
operation is to shift’ off a 1* This fs 

cleared otherwise. 

Each of the status bit and condition code flags shown in Figure 3,14 
may be tested by a condition a I jump instruction, except for theC4 
status bit* In place of this bit# there is e test of the Indirect 

condition status (ICS) bit which is used to determine a specific mi*# 

c r 0 D r 0 9 r a m « 1 e y e I j u m p ’’ c o n d i t i o n s • The jump on j C 3 m i c r o i n s t r u c t i 6 n s 
are' used to directly implement t he ' mach i ne« 1 evel Branch 1 ns t rue 1 1 ons , 
The io Conditonal jump microinstructions and the jndirbct Condi ton 
Status rules are given inthe next chapter. 


The Status B i t / C ono i t i on Code flag register contents may be written 
into a register'usingthecopy conditicn MagsCCCF) microinstruction, 
ConVe^^eiy^ ^he 8*bi^ pont^nts of a specified hegist^>r maV be_ loaded 
into the flag register bv the Load condition plags CLLF) microinstruc* 
tion* In the Hotter ca$g, the flfgS whiCh ar'e loacied'are 
c o n t r c 1 ladle. 


3,3,2 MicrprocessorControlChip 

The mi c roprocessor Control chip functions primarily in two areas; 
Cl) it controls the flow of micromachine instructions which ape 
f e t c h e d f r 0 m control store ( C R 0 H ) g n d delivered to the U a t a c h i P for 
execution and (2) it administrates all Lsl^ll system bus transactions 
by means of'ltsconneOtion to the Bus Transceivers and interfaCe^LogiC 
shown' in p i g g r e 3,1b,' it should be emphasized that Figure # I b is a 
fUnCtionailV accurate Control OhiP rep resent at i on # but that t‘^e actua] 
control chip circuitry is some what different* (he difference arises 
because the data/aodress i i n® inputs (wDAL SnU 'hOAL <ib* 08 >) 
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wnich lead to the translation registers CTR RU ana IR Rl) do not ap*" 
p e a r o n t h e c c n t r 0 1 c h 1 p , 
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The id-Mne path between the WpAL lines on the data chid and the two 
translation registers on the control chii^ Is established by 
ti.n€*rpg|tip 1 exing the Micro instruction Bus* The p Min ary function of 
the Mib is to deliver control store aaoressos to the MICRO MS (or to 
the V*. C5 nodule) and to petrieve the selected rmcpoinstruction fop exe- 
cution, W h e r the M I H 1s not occupied with its o r 1 m a r y f y n c t i o n ^ it 
provides the Id-line pathto the translation registers* Fhispath is 
established cHirir.g the the execution the input Word microinstruc- 
tion which is part of the petch Machine instruction operation dis- 
cussed in the Phe'^ious Chapter, The fetChe'^ machine instruction is 
loaded into the translation register's) for examination by the trans* 
1 3 1 1 0 n a r r a y , 


3*3»(?.l Microinstruction Register - The microinstruction register 
shown in the control chip detail of Figure 3*1^ contains 16 bits* The 
additional ^ bits over the Data chip microinstruction register) Cor- 
respond to, the t.RH ((,oad Return Register) and RGVq (Read Next instruc- 
tion Interrupts ^ Trap Service) function* 


Load Return Register 


AS shown in. Figure 3,15^ the path leadinginto the return 
iginstes at tpe location counter incrementer. When 
set itcauses a 
r * This bit i s 


Cbit<icj>) is 

turn r e Q i s t g 


value of LC 
part Of 


+ I to foe loaded 
microinstruction 


register or*. 

the LRR bit 
into the re"* 
at microPro'** 


tisse’^bly time* The return register is loaded In preparation for 


gr 3^ 
the 

terminated by the Return ppom Subroutine CRpS) 


execution m i c rpO subroutin® * 


Subroutine'bxecution 

m i c ro 1 ns t ruct i on , ■ 


i s 


t^eed (Next in struct ion*Interrupt & Trap service 

Sit <I.7> of the microinstruction register is a direct Input to the 
translation array. The R S V q d i t Is a s s e m b 1 e d into the m i c r o i n s t r u c - 
t i 0 n vS e q u e p, c e ^ n ^ 1 o ^ ^ 1 o n b o f o r b the t r a n s ! a t i q n is to be i j-, v q k e d , 
This translation causes machine- micro machine control to enter the top 
Qf tne i e r rgpt / t r ap decision chaipj shoWp in Figure which 

will cause all traps an a interrupts to be serviced according to their 
priorities. if the'control flow does not encounter any traps or in- 
ter r up ts^ Control proceeds tp tj^e FetCn Instruction evept/ 

which causes the next nac^^ine instruction to fos read into the transla- 
tion register's for e^^^mindtion by the translation array. 


3, 3-,?, <2 •’Microinstruction Address Generation ® Each valid microin- 
struction address produced by the control chip is storedin the Loca- 
tion Counter. The Location Counter Contents epe gated onto the Mi- 
croinstruction HUS at the appropri^ue phase of the m 1 c romac h 1 ne cycle 
as t n e f 1 r s t part of the n i c r o i n s t r u c 1 1 o n ' f e t c h C m i c r o ^ e t c h ) , The l ® ** 
cation Counter may be loaded from o n v o n o five p o s s i D i e Sources# 
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w h ^ c h are 1 1 s t e a and a e s c »' i b e d d e 1 o w ; 


I n c f* e rr e n t e r 


T r 9 n s 1 a t i 0 n Array 


R e t vj r n « e 9 1 s t e r 


C o n a i t i o n a 1 J u p P i e 1 d 


U n c d n cH 1 1 0 n a 1 J u - p P 1 e 1 c J i 


A Value of 1 is added to the Location 
Counter output 9nd written into the lo- 
cation Counter. The ne^<t m 1 c ro 1 nS t ruc- 
tion is therefore fetcried fron the next 
sequential control store location. 

The translation array, in response to 
its ini^uts# determines the location in 
Control store from wniCh tne next friicro- 
instruction is to be fetched. The ad- 
dress of this location (shQWn as 
TKa ApR) is loaded into the Location 
C oun t e r , 

Upon execution of the Return From Su- 
broutine microinstruction, the contents 
of the Return ReSister are loaded into 
theLocat-lonCounter, 

u h e n the c o n d i 1 1 o n a T jump c r i t e r i a is 
met, the 8«bit contents of the condi* 
tiona) jur^P ^1elo are loaded into the 
lowest 0 bits of the Location Counter, 
The three highest bits ape unchanged 
from the updated values. 

Upon execution of the JUMP m i c ro i nst ruc- 
tion instructic5n, the li^oit contents of 
the unconditional jump field ape loaded 
into the Location Counter, 


A m 1 c ro 1 oc at i on address may be determineo in one additional way, by 
the execution of the KOdlfy x^struction (mx^. microinstruction. The 
Mpdify Instruct ipn. path which is labeled i^ Figure 3 , jd enables the 
contents of a specified register pair to be yR*’ed with the yncondi- 
tiQ^a] ju.^p n>i icrj^ij^structipn (oh pther rrii^rpinStructipr)) ort the 
Micro instruction Bus, This microinstruction Is discussed in the next 
chapter. 


T r an 3 1 at i on Array 


renslation array is a large combinatinal logic network which per- 
rapid examination 0 ^ fetched mrachio^ instruction ip ^he 

i s t o 


1 at ion Register to determine where microprogram execution 

Ine ex '3 :t i na 1 1 on is Completed in on^ pachinO cycie apd the re* 
atransiation adoress 'which is loaded into' the location 

array can examine only 8 bits of a 16-bit 


1 s 
e r 


Ihe translation 


state register, 


ne instruction at one time. The translation 

C T 6 R } in Figure 3,1b, determines which of the two 
R^^roh TR H\) is inPbt to the translation 


Is shown as 
tion registers'ClH 
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arr'^y* >'^hen a new tn a chine instruction is fetched^ the T5R is reset 
and'causes the unoer cyte of the instruction, which Is contained in 
TR H\ t;n be examined first. This allows tre 'r.^chine' instruction type 
to ® ci e t e r T i n e d o e f o c e the the a d o r e s s modes are e x a rn i n a d , The T S H 
contains .5 bits^ one Of vvhicn controls the translation register input# 
^^hiie ^ne otHe^ ere used ton purposes inte^nsi to the translation 

array. 

In addition to croviding the translation address, the translation 

array also controls the loaoino of the nicrOprOgra'n subroutine address 
into the location counter* This control path is not shown in 

Figure i . i 5 • 

The interrupt register# H'^T R, is conoosec on three internal inter- 

rupts and 4 external interrupts which were illustrated earlier in Fig* 
urd 2.17, .The external interrupts are connect'^d to the sYst®'?' 

bus interface logic. The 3 i n t e r n a 1 interrupts ii; a v be set or cleared 
by the Sot interrupt (oil Op the Reset Interrupt C^i) nicpOinstruO— 
tion, respectively, ’nhon the translation array initiates service fop 
a pending externa! interrupt# an earlv step in the service nicroppo* 
grarr- is to teSet the interface logic fiip«fioo WhiCh h'^cl stohe*^ ^ he 
external interrupt request. The flip"flcp reset, pulse Is produced by 
the' Til Control bits as decoded by the -SDeciai FUnCtipn Lo^ic 
(Fidura 3,53, hi9ura 3,lfe illustrates the abstracted Microprocessor 
TTL ContPQi Sit Path as extracted from h'igura 3,1* An inspection of 
Figure 3,^ will reveal that the TTU control eiTs do not actually ap- 
pear in the Hi c rplnSt ruct 1 on Register of either the data chip qT the 

control chip, nowever, 3,15 emphasizes the a s soc 1 a t '1 on Q f the 

TTL CONTROL BITS t h t h® m 1 C r© i n© t ruc t i pnS, T h®se bi ts mdst be as- 
semDied at the proper post Ions in the n i c r o 1 n s t rue t 1 on flow to assure 
Proper m 1 c r^P r executi^hi. The exact details of tiding and 
quencind discussed the follo‘’^'n9 sections. 


393,2.3 Control Signals - In addition to the a external interrupts, 
eight other signals pass between the control chip and the Lor'’^^ pro- 
cessor interface ]o9lc. The operation these sidn^lS are expiainOd 
below and add i t i on a 1 spec i f i c details ara available In the references 
cited In h i g u r e 3*4, 


RESIT 


an Input to the control chip and wren active, causes miw 
operation to be suspended, when RivSbl input suOs©- 

nassive^ the first mi c roi ngt ruct i on to be executed will 
fpom control store location 0d01* The RESET line is as- 
sert e ci -V H £• n 0 V e r the power supply signal B P C U K n goes passive or when a 
)U 3 timeout erpOr occurs. The mi c roprcg ram exe 
1 n e goes passive Is f 1 o w « c h a r t e d 


This line is 

c r 0 P r 0 c e s s o r 
q gently goes 
0 e fetched 


I c u t e d after the RESET 
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^^0 CDMPUTt 


The C 0 P U I E line Is s a p 1 e d d u r i n g PH 3 of t ^ e m 1 c r o m a c h i n e cycle. 
This line is a i n t a i n e d in an active high states and is u s ^ d during 
m a n d f a c S : y r i n 9 f o !" test purposes. 

The regaining signals are cnncerned with the control chip's 3d!ninis» 
tration of the three tyoes of L5l"ll systen bus I/O transfers, 
RhQgrajTirned i/0/ lntgrruot*«Dr^ygf^ 1/13/ IHIA i/0, Tre^e 

interfacea to the Lox^n bus system by the qus I/O control Signal 
LoQic described in TRe H i c r qp omPu t e r Handbook, 

SYNC 

The transition of the SyNC signal to Its activ® state indicates that 
the address data on dpAL <i5J0u> is vaHd, The SYnC s i Qna 1 rental nS 
asserted until the i/u transfer is completea, " Additional interface 
circuitry afjsures that the svsten bus signal bsynC U rsnains act.ive 
until aftcrthe bus slave device terminates its reply signal. 


RcPUY 

yhe rcPly originates in the addressed memory or I/O device and informs 
the Control chip that the 1/0 oP®f*Qi^ion should be Conti nd«d? 
Spec i f i c a 1 1 y / this signal must be asserted during Ph 5 of the ml 
chipe cyc ]0 y h i | e ap InPdt qt an Output ,r,i c rgi ns t rue t i on is bein9 e?<e» 
cutea. The ateteof the reoly signal is also interrogated before a 
_ R b A u 0 ^ write o o e r a 1 1 o n ’ initiated. This is t p assure that a p r e v i * 
w ouslyaddre.sseo 'device has completely released the system bus* 

'ti? D I H ■ ' ' • ^ 

The DIN (D 3 ta»in.l signal is asserted by the control chip after the ad’* 
W •dress, intorirat^on re,,,QV 0 Cl from OPAL <i5jviO>» on® m 1 n© 

cycle after the signal is asserted. The uiN signal returns to 

the oassiye state' et the completion of the Input byte (IH) or input 

© hord C p'N] ’ mi c ro 1 ns t ruc t i OH/ or vihan’ SY^^C is made passive,’ This signal 

causes the addressed device to place its data on bOAL<ldSbi^> for input 

to the Processc^r- 



OUU r 

The PQUI (Dat;a»uut) signal is asserted by tre tontrol chip when output 
data is placed on D A < 1 a 5 d > by the Data c h i p and remains asserted 
until the output rn i c ro i n s t rue t i on is completed. 



The wd Ci^vrite/Byte) signal 


asserted when the address Information is 
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placed of^ wPAt to indicate that a operation follows* If 

it reffiains active during the Data»Qut portion, a tiyte operation 
( Q A 1 Q b ) i s s i Q n 1 f i e d , 


BUSY 

1 h e BUSY signal is s a n-' o ) e d u r i n g p h 3 of the m 1 c r o a c h i n e cycle during 
the first cycle cf a i-^'ead or r-rite microinstruction. If the busy sl9’" 
na1 is asserted, the microorocessor enters a wait state ana suspends 
operation until BUSY goes passive. This mechanism is used by tho di* 
rectmemory access interface logic to gain control of the system ous. 


interruptAci<nowiedge 

The 'nXACh signal Is asserted by the Control chip along with the SYNc 
line when a Head Acknowledge or write ac!<nowlecige rn i c r o i n s t r uc t i on i s 
executed, the wjaCk signal indicates that the m i c rop r oc s s so r is res'* 
ponding to an interrupt. The interface logic delays the ap« 

p e a r a n c e o f w j; a c p a g B | a C k U until e 0 j ^ i g assorted* h i s i $ to 

allow the L signal to s t ab i 1 i ije , p r 1 o r 1 t i e-s be t ween the two possi» 

blereaueats in the interrupting device (see The Mi crocompgter h^^nd* 
book) , 


3, a dlCPUMAChl^E OPERAUUN 

All M i c r 0 m a c h i n e operations are organized with, respect to the 
f Pur'*ph3s^s bf the micromachlne clock. Each a se has a nom i na 1 pep 1 » 
o d of 9'S n a n 0 s e c 0 n d s • g i V i n g a cycle p e r i o d of 360 n a n o s e c o n a s , ' The 

clock Ph3se.s di^tribytod t® Con^pOl^ Data# and hICPOH chipg'of. 

the’ mi c rosrocessor as MUs»level- non„o ve r 1 ap.o i nQ pulses ^rpH True 

and complement clock p h a s 9 pulses are distributed to the Bus T r a n s c i * 
eversand Intertace Logic circuitrv'for synchronization with the mi* 
croma chine, 

M 1 c r 0 m a c h 1 n e 0 p e r 0 1 i n g s p 0 e c:i is m a x i m i 2 e d by the use of p i p e 1 1 n 1 n g 
techniaues to determine micpolocation addresses and to access micpoin* 
struction s ■toh e^eoutipn, Pipeline teCrniOUjg er^ imoigmented 

the context of a t i n e m y ] t i p 1 e x e d m i c r 0 1 n s t r u 0 1 i 0 n g u 3 # which reduces 
jnten^CniP wiring* 


3,d,l Microinstruction Bus Data Transfer 

The data transfer method employed on the m i c ro i n s t r uc t i on bus is the 
p r e c h a r '3 e « c 0 n d i t i Q n a 1 d i s c h a r 9 e t e c h 1 q u e w h i c h is c 0 p 0 1 1 b 1 e with LSI 
MoS memory and m i c rap roc e 3 so r devices. Data is transmitted on the mi« 
c r o 1 n s t r u c t i 0 n bus in ) 0 g i c a 1 complement form in which the lower v 0 1 «-» 
tage represents the hi state'or a L^Ql^al i. Each ' m 1 c ro 1 n st ruc 1 1 on 
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bus Hne is unr. onditionaHv prech-jrged HI at oPe phase and selectively 
Oischarded et a later phase, jRe receiving device senses the dis* 
charged state o grind the appropriate phase a^d interprets the 
voltage as a logical 1, All p< recharging is pertornried by the MiCh^OHS, 
Depending uPcn ti^e .ricroinstruction bus lire and signS] usage# the re- 
ceiving oevice oe the control chip# the Data chip# or a 

In the case d ,ricroinStruction fetch, the'Control Data Chips 

receive the nicrcinstructicn siniultaneously# ^ach chip storing the 
needed PohticnS in its microinstruction register* 


3W-^»U1 Control 3tore CR‘1CRO:>’0 M i c r© i n s t r uc t i on bus Cvc|e * The 
CKQm operations as a function of nicromachine clocK phases are illus- 
trated in Figure i,i7. The locatioo Counter contents are gated onto 
the microinstruction ous by the Control Chip during Hh ^ ana remain 
valld during 3, All microinstruction bus lines are then uncondi** 
tionally p recharged at RH 4 (by the blChQMS) with the eyception of 
MIS <15>, which is crecharged at PH 3, MI8 lb '•^as also precharged at 
PH 8 in addition to being PCechacged at. PH 4, 

During the execution of a microinstruction which reauires only one mi- 
cro machino cyc)e, th® Contents of tr® nicroiocation addressed during 
Ph ^ and Ph 3 are returnea to the .data ana control chips during PH I 
of the follo'^'ind mioromachine CYCje, Ho'^ever, ifth® Control ChiP 
d i -s c h 3 r q e s nib - ^ e t P h 3 # the selected h i c ^ 0 M will not c o n d 1 1 1 o n a 11 y 
discharge '^^18 <i5r.Jb> and Mid <?AIX^> during the fol 10^*^109 PH 1* This 
circumstance occurs during the second cycle of a two-cycle microin- 
struction# oh in response to e WAIT state, F;ggre 3.18 illustrates 
the disabling of tne miqRum during the first cycle# resulting in a 
d e ] a y of on,® r, i c r o m a c h 1 n ® c y c ] e , 

As shown is the fiQur®s^ the TTL Contr®^ 8 i t s are valid beginning with. 
pH I throughout ph 3^ The USI«.H circuitry employs, pM 3 as a strobe 
pulse wnich prnduces the Hoh Codes during Ph 3* 


3 f 4,1, <2 Control Chip m i c ro i n s t r uc 1 1 on Hus Cycle - The Control Chip 
determines the micromachine Instruction flo'^ by selectively loading 
the vocation Counter* the oasic micromachine cycle of control chip 
0 p e r a t i 0 n s is shown i n F i q u r e 3,19, The Location counter is loaded 
with a new valy® during RH A Thig vaUj® can Opiginat® f 1 of 5 
sources as oiscussed in'^ectibn 3,3,2, The contents of the Location 
Counter ere Output ontOthsmiCrOingtruCtin bus ^t the beginning of 
pH d and remain valid through ph 3, Also during these two phases^ the 
translation arr^y is processing its inputs to see if a transi^^tlon is 
required, During Pp a the translation address becomes ready for load- 
ing into the locaticn counter and the translation state register may 
be loaned. 

An example of Control chip operation effected by tne WAIT state is 
s h 0 'w n in F i q u r e 3,2b, Events proceed n o r m a 1 1 y until hTi 3 w h e n t h e 
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Control chip deter ''^Mnes a wAn state. This deterfr, ination 
suit of s a r?! p 1 1 n 9 the b U 5 Y and R h P t,_ Y line d u r < 9 P h it 
chipi's response to the i'-Aij state is to discharge Mi(3<lb> 
to disable the 1 C R U h 5 a n < j to a s s e r t the >n A I T 1 i n e a u r 1 n g 
prevents the Data chip from loading a new n 1 c 1 f"' 3 1 r uc 1 1 on 
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Because of the v^^lT states the Location Coyntep value ponains yo® 
c h a n o e 0 curing t H e second m i c r o n*> a c R 1 n e cycle a n o t n e t r a n s ] a 1 1 o n array 
p n c c e s 3 i n g p r o o u c e s t e s a sn e vo y t p u t which r^av o e a conditional loading 
of the translation state register op a t r a n s 1 a t i o n a o a r e s s * d i n c e the 
W A II state was not r e « e s t a b i i s h e d during t e second c r o n a c h 1 n e 

cycle? a new location counter value will o e loaded a u r i n g the follow* 
ing PH I 3rd a ne''^ in i c ro i nst rue t ^ cn wni Sent from tne Selected MI- 
CK Qh, 

The execution of a two«cycle microinstruction r^roduces a control chip 
sequence similar to t^'e above* Ho'^evep? since both the Control chip 
ana the Data chip i n ci e p e n a e n 1 1 y recognize t ■>“ o « c y c 1 e machine i n s t r u c - 
tions? the signal is unneccessarv ana tnepeforo unassorted at 

Ph 


3,4, i,S- Data Crip f'M'croinstruction Bus Cycle - The microprocessor 
Data chip is completely cof*^ trolled by the microinstruction in its di- 
c ro i n s t r uc t i on register and py the .‘iAiT line wnich originates in the 
Con'tpol chips The basic micrO'^-^ chine single^cycle sequence is shown 
in [’ i g g r e 3,21, 0 y r i n g pH I the Location Countercontents placed on 

M i B < 1 5 * b t’ > by the selected H I C k q h e p e 1 o s d e d into the Data c h i p ^ s mi* 
croinstruction register. The register aoaress fields are Decoded dur- 
ing' Ph 2* • The address rOQi ste rs a pe accessed during i and the Aj^u 
processes the operands input to it during pn 4, fhe aLU result is not 
ready u o t i * h’ n 1 of the s u 0 s e q u ® o t m i c p o m a c h i n e cycle? when it is 
w r i 1 1 e n into the r e g i s t e r file via the A o o r t , The status bit and 
condition cede flags which moni tOp the Aj^U result ar© upoat oa' du r j og 
PM 2. 

Nheb a t wO*c yc 1 e data m ^ n i 1 p y i a t i o n mi chol nst rUct 1 on is executed# the 
Data chip r e t a i n s its rrn’ c r o i n s t r u c t i o n r e g i s t e r contents During the 
second cycle ag shown in .Pi gure- 3,22, The low bit of each register 
field is c Q-'p 1 em en t erJ during pH I of the second cycle which allows the 
second cycle of a wOpd m i c pO 1 n s t ruo ti on to be ppocossod in the A^U, 

All Jtjmo microinstructions re a u ire two micro machine cvcles for execu- 
tion * The U n c o n d i t i 0 n a 1 Jump i n s t: r u c t i o n requires two cycles b e c a g s o 
the Location Co u n t e r c o n t e n t s c a n n o t be 1 o a d e a with a new value until 
P H 1 of t h e second cycle, 

A conditional vjump microinstruction examines the flags which have set- 
tled d g f i 9 R H 2 a n sd sends the result to the c o n t r o I chip over m x 15 
during PH 4, It the result is postive? the vh-bit page address will be 
loaded into the Locat'*®h Coyntep dyping the following PM I, 

Normal operation of the Data chip is suspended if the Control chip as- 
serts t n e WAIT Signal during R H 4 of a n V m i c r o m a c h i n e c y c ! e , T r e data 
chip's response is to maintain its previous microinstruction contents? 
Which c a u s e s the o P c r a t i o n just {? c u t e d o b @ r e P e f e d • . 
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Cofr^ptete Hicrom^chii"ie cycle « The inte*r«relatlon3hio between 
t n e c y c 1 <2 5 o the C o n t f' o 1 /» Data a n H f I C P 0 n chips Is illustrated in 
p i g y r e 3,23 for the case of a s i 0 1 e * c y c 1 e n-i i c r o i n s t r u c t i o n , The o p *» 
©ration s e a u e n c e 3 ] 1 s t o o f o <" each chip are repetitive^ but only the 

events related tc the execution of a single niCfO instruction are shown 
in the figure* !'he conrjleto sequence begins with a new cooation 
Counter value beinQ joeaeo during Ph 1 pf the first mlcromacHIne cycle 
and ends when the status bit and condition code flags are updated dur™ 
ing PH 2 of the third micronachine cycle* ‘^n accurate representation 
of i c ropac h i ne operations can oe constructed by conoining the indivi** 
d u a 1 c h 1 p ’ 0 P e r a i 0 n s e o u e n c e s d i c u s s e d previously. The s e d u e n c e s c h o 
s s n ■ a e p e n d upon the microinstruction flow being represented. 

The Execution of the input word microinstruction causes the function 
of the microinstruction bus to be changed during the second cycle of 
this two-cycle m i c ro i nst r uc t i on , Since Ph ^ of the second cycle is 

not used to uodate the mi c roi nst rue 1 on ' real ste rs with new consents# 
the Data chip uses hj 1 5 • DD> , t o send the fetched machine instruction 
to the translation register for ^examination bythetransalaion array# 
This is n e c e s s a r y because the 'chip has no direct connection to 

the h D A D lines* It should be r o m e m b e r e d t h a t P i 9 u r s 3 , 15 The Micro* 

processor control Chip Detail, is accurate only functionally in that 

it indicates a path from the uDAp lines to the translation register# 


3,5 MICRQPHCgF AMMING Th£ BASiC L5I-U MACHINE CYCLE 

The essential c h a r ac t e r 1 s t i c s of the mi c roprograni which emulates the 
m i c poconput e r architecture will be discussed for two simple 
cases , The first case i $ , t he basic t w p * e v e p t machine eye i e a p d the 
second case is the basic machine cycle including an external Interrupt 
a n d b u s e r r o r t r a p 3 * 


3,5,1 Fetch « t x s c u t e Machine Cycle M 1 c r o p r o g r a T' n 1 n g 

The basic machine cycle, repeated here Figure 3,2^, consists 

of 3 □ A T I o o e r a t i 0 n followed by a m i c r o p r o g ^ p m m e d r o g n 1 1 n e h i c h in* 

t e r p r e t s and executes the fetched m a c h i n e i n s t r u c t i o n , The D A f I o p 8 r « 
a t i 0 n is itself mi c rOpr 09 rammeo as a Read/ input sequence which is d1 $• 
cussed in Chanter 5, The specific Read ' n' i c r ^ j ns t r uc 1 1 on employed is 
Read And i n c r e m e n t word B v 2 ( k x w 2 ) , This m i c r o 1 n s t r u c t i o n ' d 1 a c e s the 
Content s <>f the regi ster pair des 1 gnat ed within it, R PC L and H PC H , 
on 9DA|^ I <15iv'D> and signals a Data-in system bus cycle, it'subge** 
quentiy incrO'i^ents the word contained in PCH ana PCL 'oy'2, causing the 
program c o u n t e r to point to t h e next address from h i c h machine In* 
struction iS to bg fytci-ied, ] re ^OeCific Input m i c tq i n’st rue t i on usgd, 
which comprises the second half of the R e a d / i n p u t s e q u e n c e is I n p u t 

W 0 r b ^ I h i s rd’ c r g i n s t r u c 1 1 o n Places the fetched a c h i p e i s t r u c 1 1 o n 

into the i n s t r u c t i o n register R i R L and H I R h and also loads it into the 
t rans i at i on registers TK R y a r, ci 1 K R i , 
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The Execute Machine? Inathgctio^ po^^tlon of the Dasic machine cycle be- 
gins with the ex run'i nation of the translation register contents by the 
translation array. The translation array outoot# which Is available 
after one .ricr4,,,Tachine cycie, proboces the edoress Q Control store 
or location which contains the first instruction ot the micro- 
probran fTi 0 0 routine w'hich win execute the chine instruction* The 
translation array may bo used one^ two or three’ timesduring the Exe- 
cute bacMne Instruction obehation# depending upon the type of In” 
St ruction vSeinq executed, in preparing the alu ope r and zero, one, 
or several u A i i ^ j::? e r a t i p n s ri ® ^ d . t o be performed, d e p e p d i n Q u P o n the 
addressing modes used in the machine instruction source and destina- 
tion fields. 


3 9 5* 1 ,1 F e t c - 1 X e c u t e «• r r a 0 & I n t e r r u p t M a c h i n e Cycle 

M i c r 0 p r 0 g r a m fT i n g ® The basic machine cycle of Figure 3 , R is e x p a n d e d 
in higure 3.R5 to inClude’an extern^M interrupt" and the sipbl® ^nd 
double bus error traps, as explaineo in Ghapt^-r 2, a bus error' occurs 
When <3r. addressed device does not respond' within 10 microseconds. 
This leaves mo Head/ input sequence of the pAli operation uncompleted 
and the Bus Interface LnQic asserts the Cont roi ' chi p' s reset ] i n©. As 
a result, the location counter 1s loaded with 0001 and a micropro- 
grarrmed bus error rebo^erY routine. is.e^ecut^d, T’wo P.AiO cvcieS ,ar^ 
p e r t o r m e o to push the H c a n rt F-' 5 w c b n t e n t s onto the stack, followed by 
two DAT! cycles which load ne-u values into, the program counter and 
p r o c e 3 s 0 r status word r e g i s t e r s « ' 


The external interrupt status is interrogated by executing a. microin® 
St ruction which h 3 s bit <17> set. This bit invokes the Read Next in- 
struct i on« i ran A interrupt Service (R5VC) function of the translation 
arrey, jf an interrupt is asserted, the translation array will 'load 
tre'UoCatVon CoUpter Witw, the'f|rst address Qf t^e j,vi c Ppp r oq napf^.ed 
routine which serv 1 cos . 't he -Interrupt, The s i mp j e , e k amp j e contains 
onlV one Interrupt, but the actud] Coni:ho) chiD tranS]atlQ,», array 'in- 
terrogates 3 internal Interrupts and -4 externa1 interrupts and pro- 
ducescontroi stohg locations acconoing to the phichitieS illustrated 
i n h i g u r e 2 , 1 6 « 2 , 
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CHAPTErc a 

THE U5I-U MICWUIi'iSTRUCTlQN SkT 


4.1 general 

An LSI-U ,Ticroinstruct1on Is coir-DOsed of bits: a 16-bit 

Mi croi net ryct ' on fieldj a l-bit load Return Register control field 
CLRk)! a l.b1t Reas next Instruction, Trap ‘ 

tro) field (R'bVC); ana a ^•oit logic control (ITL Control Bit ) 
field, jne coitiplete microinstruction is illustrated in Figure 
the’bit fields are defined oelow! 


4 1 and 


TTL Control Bits 

Read Next instruction, 
Trap + ipterruDt Service 

Load Return Reviister 

vertical h i c ro i nst rue t i on 


HX< 21 ; ia> 

MI<17> 

Ml< 16 > 

MI<15!0> 


The contents of these four Bit fields are independent of each 
The lo-bit Vertical Microinstruction field can contain any of 
Dossible iricroinSfPPt'opS. These iri cro' nSt ruct i opS are the 


other, 
tne 149 
subject 

of tris cRaj-tep. The functions of the and TTl control b t 
fields were described in Chapter 3 and the conDined operation of all 4 
fields will be disCussed'in chapter m ’ c pOp rOQ pamm 1 ng lechniqges. 
This chapter contains an overview of the iricroinstructions, open ix 
A contains detailed de-sC r i pt 1 on s t Appeneix 6 contains a h i c r 0 1 n s rue- 
t i on 5unrr a ry , 


4.2 vertical HiCROlNijTwUCTlONS 

yeptial mi c roi nst ruct i ons have a strong re semb 1 ance to lSi-U ma^chine 
instruction^ due to fhe fcMo^^n 9 s i pii i a r i t i es J Sif 

1 . doth instruction typ^s are fetched and executed in seaue^Ual 
fashion, unless a program control mec r an i sn moo i f i e s the in* 
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struct! on flow, 

if, Hotr instruction types consist of relatively tew internal 
tor^ets (bit tielo arrange nents^ etc,). 

3, botH instruction types normally execute a ''complete'' opera- 
tion^ i.e,^ Operands ere accesseo in tbc m ! c rop roc e s sO r re- 
gister file, delivered to the ALU, processed, and returned to 
the recistcr file before the next microinstruction is execut- 
ed. 


^,2,1 Jump b i c ro i nst ruct i on Pormat 

The Jump microinstruction Format is composed ot three fields and is 
illustrated In Figure ^^.2, jhe opcode field CMI<15;12>) always con- 
tains ail zeroes, T h« H field indicates a Keturn' From Su- 
broutine m 1 c ro 1 ns t rue t 1 on , The unconditional jump address field 

(MI<lLWk5>) Contains H bits and execution tne JMP m i c rc i n^t rue t ion 
can transfer microprogram control to any one ot the micro ins true* 
tions adaressaoie the m i c rooroCessor Control Chio, 

The JUMP forb-at m i c rO i nst rue 1 1 ons require two m-icrocydes for execu* 
tion because the normal microaddpess operation procedure is modified. 


a, 2.2 Conditional.Jump Microinstruction Format 

The Conditional Jymp Hi croi nst ryct i on Format is shCwn in Figure ^.3, 
These mi c roi nst ruct i ons cona i t i ona 1 I y affect m i c roprogram control 
based on %he flag register contents^ Tne’flags are tested o'r 

In Com*^<nat ienS# uPon the Condition fiei<3, Con- 
tents# conditional jump microinstructions contain the same opcode 

(‘^I<lb;i2>) vajue CuD. 1 oPCpde 3^0 Con^it^on fields, taj^en. to- 
gether# determine an effective 6-bit opcooe value which i s used to un- 
idUelV 1‘^entifV the microinstruction* 

The four conoition field bits (iil<ll:3> cetermine one of 16 possible 
Jump Con^^tionS, The Conditions CorpesPon^ to the set qF cleared 
state of any one of tbe-A^u status bit ana condition code flags# with 
the execeptior of C^, In addition, two conditional jump m i c ro 1 nst ruc- 
tions test the stete of an Indirect Condition Code flag# The ICC flag 
is either controlled directly by the contents of an L6I-11 machine in- 
struction, Or by a comb i nat ^ on of A|^U conoition code flags In response 
to a machine instruction, rne ICC flag Is updated only when an Input 
Woro microinstruction is executed, normally during a Fetch machine in- 
struction operation. The ICC test mechanism allows mac h i ne- 1 e ve 1 con- 
trol of the micro machine Operation ana is used to implement the 
Branch i nS t rue t i Qps , |re ConOitipn Co^e fiag pPoCessin9 is described 
In section 
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All con.-iitiont^l Juf^D microinstructions recuire i micro machine cycles 
to execute regeroless of >«hether tne conoition is satisfied (and a 
J u m p i s p e r 1 0 r rr e G ) • 


4,2*3 Literal f'*iicroinstruction Format 

The Liter -3 1 ^''icrcinstruction Format is shown in pigype 4, '4, These mi«* 
croi nst ruct 1 ops provirie 8-bit Constants in the n^.i c roprodrarn. There 
are ‘S microinsructions in this QpOup ana the octal opcode values 
CmI<1'o: 12>) in the range L2 to 0o« An 8-oit literal field# 

is one. o reran a The other opera no is specified by the A Re- 
gister FieTc which supports direct or in.airect addressing of 

any 6*bit oyte register through tne A Reao /write port. All literal 
fopf^at m i c rP i r s t ruc t i OP s require I micrPcycle toj* exscutidh# 


4*2*4 Register Ficroinstruction Format 

Most of the LSI-11 microinstpuctions belong to the Register Microin- 
struction Format which is illustrated in Figype 4,b. The opcode field 
occupies 8 bits# MI<tb;d>, ana opcode values range from 'L7 to 37 
(octal)* Most register format microinstructions uhconoitionally yP*® 
date the status bit flags relevant to the particular operation, j8e 
conoition code flags are selectively updated by Opcode choice# the odd 
opcode value (in general) affecting the condition code flags in agai- 
tiontothestatusbit flags* 


4,2*4, I byte and word Microinstructions - All register format micro* 
Instructions pe-|onQing to the data manipulation and the data access 
classifications are either byte or word ’microinstructions* The 
byte/wopo distinction is a direct Con^^P'^^n^e of the fact that the re- 
gister file access ports ape only 6-bits wide. This 6-bit width is 
aiso shared by the ALU inPUts anCi gutput, A data f,,ani pu 1 at i on micro* 
instruction which produces a single 6-bit byte as its. result can be 
ComPlet0d in one micro -Cycig, An ^xamPl© is t|^e Add Bytg microinstruc- 
tion which forms the binary addition of the bytes addressed by the ti 
and A register fielas and oleces the result in the ropistep desig^ateci 
by the a field. The microprocessor Data chip simultaneously presents 
the two 6-p1t Operands to the A^U and' rest rue tures the a register pOrt 
path to load the ALU output when the result is formed. 

In the case of a word m i c i ns t ^uc t i on# the 6-b1t register port and 
ALU width requires a i c roc vc 1 e sequence to complete process i ng of 
l6-bit word Operands, Larry Or boprOw information which needs to bO 
transmitted between byte operations is stored in the ALU statics, bit 
flags* Ihe A^U status bit flags ape unconditionally updated byV.each 
byte operation, jhe A d.-d word microinstruction is the 16 i t # 
2-micrOCycle counterpart of the Add Byte mi c ^st ruct i on. Since the 
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B and A Pe distep fields cf the nicrclnstructicns each point to a sin- 
gle 6-Plt byte vvitbin the register file# special techniques are used 
to form the It- bit operands for w»ord microinstructions. These techni- 
ques are explained in the next section. 

There are several mi c roi nst puct i ons which produce a word operand but 
still fall into the byte classification, fhis is because the Date 
chip organization allows the required lo*oit peth to oe simultaneously 
formed from two 6-bit paths. An example is the wRilt microinstruc- 
tion# Which is able to simultaneously present the contents of two in- 
dependently speCifie*^ registers to the oeta aodress buffers# and thus 
to the hpAL pata chip outputs. NO special register addressing techni- 
ques are neeoea in such cases and the mi c r©! '^st ruct i ©n can co^f’plet-e 
execution inaminimumofonernicrocycle. 


^,2#^, 2 Word uperand formation - The microinstruction register 
fields# MI<7?4> and MI<iJ^j># are interpreted as Sho^n beiow to fohm 16 
bit’operands: 

All word operations other than right shifts: 


Right 


A 

A 

B 

3 


e 9 i s t e r 
R e g i s t e r 
Register 
Register 
shift w 0 r 


pield - (A), Even 
Field - (A) Odd 
Field - (3) Even 
Field - (d) Odd 
d ope r a t ions; 


Normal Use 
Bytes Reversed 
Normal Use 
Sign Extension 


A Register Field - (A) Odd 
A Register Field - Ca) Even 
B Register Field - (b) Odd 
B Register Field - (b) Even 
Normal Use; a and ^ Register Field argument 


Normal Use 
Not Recommended 
Normal Use 
Not . Hecommendea 
i s even. 


The majority of wordoperand processing will be performed when both 
the A and B field register ardu'^ents are even. During the first mi- 
crocycle of a wopd microinstruction, the 2 register fields designate 
the 6-bit Operands, Ouring t^e second microcycie the low -order bit'in 
each register of the fields is logically complemented# thus pointing 
to the next higher register locations. For example# If A ana 3 are 00 
and 10 coctalj curing the first microcycle# the effective arguments 
become U1 ano H during the second microcvcle, The ac t ua 1 m i c ro 1 n- 
struction f i e i os rema 1 n unc h angeo. This case Is illustrated ip Figure 
4 , 6 • 
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The re^^ster 
bus a'^Jdress 
operation on 
used , wh 1 c ^ 

a ssCf^b 1 es as 


fielj esse-^oly arquf^ents reflect this convention. The 
register syn-c^ol# RBA is equivalent to To perform an 

the lower byte of this register^ the symbol would oe 

also assembles as !<?, HBAH, the corresponoing high byte 
13 , 


Sign Extensions b register f 1 e 1 d a rgunent odd 

If the b field angufrent is assef^oled with the low«»order bit eoual to 
\ t the 6 field contents point to the first byte to be processed. 
During th« second cycle, however, tr|S high byte is forced by extending 
the' hiqh»order bit of the first or low byte through 6 bit positions# 
This case is illustrated in figure a, 7. 


Bytes Reversea, A register field angument odd 

The sign extension f^rocedure presented above does NO! apply in the 
case qT 3n A register field oHd argument. IpStead, the low-o^ber bit 
of the A field is conplemented for the secona cycle/ ang the byte re« 
gister accessed is the i'iext Lower byte. Thus the word operand input 
via the A field is by t e« swapped / as illustrated in Figure 

Since the A field also deter nines the destination of the al'-^ output# 
the aboornal revers‘*d register Cobinq sequence is apparent in the 
final register tile contents* This case is illustrated'in pigure ^*^# 
which shoWs that the low-ohder B-bits the word result are deposited 
In the high or ood byte and the high**order h-bits are deposited in the 
low byte. 


Right Shift Worp Operations 

Since all Right Shift Wq^q operations begin with the leffnost part of 
the word operand, both the A and b field argument must be odd. Left 
Shift word operations follow the r^Orfral Use conventions above. 


4,3 MICRUir;STRUcTiQN StT FUNCTIONAL ORGANUaTIUN 

Because of the large number of microinstructions in the microprocessor 
repetroire, it is useful to establish a of organization along 

fUnOtionei lin^s, Th© thr00 m^jor fdnCtion^l Classifications ar^ Data 
Manipulation/ Data Access/ and ' !'■ i c rop rog ram Controli 

Subc 1 ass i f 1 cat i ons o f ' m i c r © i nS t rue 1 1 ons ’ ex i b ^ t v a r i a t i ons of s Singl© 
basic operation, por example/ under the cata Manipulation classitica^. 
t’ion there is t gene ra ] subc i ass i f i c at i on ’’Move*’, '[ h® Hove opera- 

tion may be employed by the mi c roprogpammer in 8 different varlrbions 
as listed be 1 owS . t| 

Move byte 
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Move byte (F 1 egs ) 


Move A o p a 


Move k'^ord ( f 1 ags) 
Conditionally Move byte 
Conditionally c v e a o r d 


conditionally Move byte (Flags) 

Conditionally Move«Nord( Flags) 

TFig final descPiction of a n. icPOinstruction ^s thus deter^iined by 
whether it is a cyte op word riicpoinstpuction, whether the indicated 
oPe*'3tion iS PehfoPf^ed Conditionally or unconditionally# and wnethei* 
it updates the aLU condition code flags# 


4,3*1 Data Manipulation Mic-oinstructions 

The nil c roi nst ruct 1 ons in this group provide the bul>< of the microma- 
chine data nanioulation aDillty* The subc 1 ass i f i cat i ons here are! 
Move, InC re.-nent/Oec renOnt , Logical, Shift; Arithmetic, The ooera» 
tions perfcrned by all micpoinstructionsin this classification are 
completed within the micrOmachine ana dO not require These mi- 
croinstructions affect microprogram Control onlV Ip that they update 
the' At*-' status bit ana condition code flags and that some are executed 
c onP i t i on^ i i V • 


4.3* 1.1 Move M 1 c roi ns t rue t i ©ns » The common feature the Move Mi• 
c po i nst ruc t i ons Is that they move data between locationg within the 
m i c rPnac h i ne . These locations ape exclusively within the m i c ,*OppOces* 
SqP Data a^d Con^rqi chips, with the exception The to^O Litera] mi- 
croinstruction which moves a constant from the Load Literal micro1n» 
struct^on to a OeSign^tgd rgg^stgP, T|^e Microinstruction mnemonics 
a re sho wn be 1 ow ! 


LL 

LGL 

LFR 
Mb 
M bP 
CMB 
CmBF 
(F Tags; 
Mh 


Lead Li teral 
Load Gt^egister) Low 
LcOq Translation ^egi^t^r 
copy Flag R e g 1 s t e r 
Lo^^O Flag Register 
Move Bi^te 
Move bv te (FI ags) 
ConoitiomalTv Move Byte 
Conoi t i ona 1 1 y Move Byte 

Move word 
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-pp. M/jF 

O 

c M w R 


(Fla q S ) 


0 V e A 0 r d (Flans) 

C 0 n cj i 1 1 0 n a 1 1 y o v e word 
C.ona<tional1y NOve word 


c 

f 

f 

c 


c 

C) 

O 

c 


c 

c 

c 

c 

c 



, Ueerer'cnt c ro i r>s t rue t i ©ns - The 

Microinstructions operate onlv on ster con- 

Note that there 1s no neans ot Increnen^ng or oecrer-e 9 
register contents. Tne ni c rO 1 nst ruc 1 1 on 


,3*1#2 increment 
nc rement/Doc pe'*'ent 
ents. 
he 

e 1 ow I 


or ae c r c ^ w t ■ 

IT, nemonics are sl^own 


IC61 

icbIf 

ICB^ 
Kb£:F 
CiCbl 
by I 
DBl 
061F 
CDBl 
By~l 
ICWI 
ICWlF 
lCw2 
IChc^F 
DWl 
OwlF 


Increment byte by 1 

Increment rivte by 1 (Flags) 

increment byts by 2 . 

Increment byte by 2 (Flags 

Conoi t ^ 1 I y Increment byte 

Decrement byte by 1 

Decrement Byte by I (Flags) 

Conditionally Decrement Byt® 

increi^^ot word by I 

Increment word by 1 (Flags) 

increment Word by 2 

Increment word by 2 (Flags) 

Decrement word by 1 

Decrement Word by I (Flags) 


J 1 3 L031C3I JHcroinstructlons - The Logical M c rc 1 ns t rue 1 1 ons 

^r^onor 

he'm^croinstruction mnemonics are shown oelow* 


NL 

Nb 

NBF 

NCB 

NCBF 

’•4 w 

NWF 

NCW 

NCWF 

0K8" 

0K8F 

QKW' 

URWF 

XB 

XBF 

Xw 


And UUeral 
And Byte 

And Byte (Flads) 

And Co clement byte 

And Co^olement byte (Flags) 

Ana Word 

And word (Flags) 

And Co>r.clement word 

And Complement word (Flags) 

Or byte 

Cr byte (Flags) 

Or Word 

C r w Q r d ( F 1 a Q s ) ^ 

exclusive Or byte 
txclusive Or byte (Flags)T^^ 
exclusive Or word 
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txclusIveOrworaCi^lags) 


OCR 

(• n e S 

COf^Pl ement 

byte 


OCbh 

Cne s 

COnpl enent 

Byte 

(Flags) 

OCw" 

Cne s 

COnple''^ent 

word 


OCwp 

Ones 

com pi ement 

Word 

(F 1 ags) 

TCB' 

Twos 

COmpi ement 

Byte 


TCBh 

Twos 

Complement 

Byte 

(F 1 ags) 

TCw' 

Twos 

Compi ement 

word 


TCnh 

Twos 

Complement 

Word 

(Flags) 


^•3,1,4 Shift r^icroinstruct^ons - The Shift M^cpoinstpuctions ape di- 
vided into 6 pight shift and 6 left shift oC>erationS, fhose shift ©p- 
epations wnich execute "with Carpy” implement ^ op 16 bit shlttpegis* 
teps usingthe c condition code flag as the seventh op seventeenth pit 


pespectively. The nicpoinstpuction 

SUB 

Su9h 

SUttC 

sLbCf 

(Flags) 

sew 

SLWP 
S L W U 
SUWCF 
(Flags) • 

SHb 

SRBh 

SR8C 

S«BLF 

(Flags) 

SHW 
SRwp 
S R W C 
S K W C F 


men monies 

ape shown 

below: 

Shift 

Left 

ov te 


Sh.i ft 

Left 

Byte 

(Flags) 

Shift 

Left 

Byte 

With Carry 

Shift 

Left 

BY te 

With carry 

Shi ft 

Left 

Word 


Shift 

Left 

w'ohd 

(F 1 ags) 

vS h i ft 

left 

Word 

With Carry 

Shift 

Left 

word 

With C a r r y 

Shift 

Night 

Byte 


Shift 

Night 

0vte 

CF 1 ags) 

Shift 

Night 

Byte 

with Carry 

Shi ft 

Night 

BVte 

with c^rny 

Shift 

Night 

Word 


Shift 

Night 

Wq pd 

( F 1 ags) 

Shift 

Night 

Word 

Carry 

Shift 

Night 

Word 

Carry (Flags) 


4,3*l*S Apltnnetic hlcpoinstpuctions - The ATithnetic fTicroinstpuc- 
tion.g consist Mainly of Operations which either add Op subtract values 
ejtpressea in t^cs ccnplenent peppese.ntat i on, ^ne n i c po i n s t puc t i on fa- 
c^itates oecinei arit^netic (Cao), Tf^e microinstruction mn^monies 
a re shown be 1 ow : 


A6 

ABF 

ABC 

ABCh 

CAB" 

CABh 

AW 


Add Byte 

Add Byte (Flags) 

^dd 9yte '^'ith cahhy 
Add byte with Carry (Flags) 
Conditional TV Apd Byte 
Conditionally Add Byte (Flags) 
Add ‘*^ohd ' . 
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AwF 

Aon wo rq ,c M ags ) 

AWC 

Acd word with 

C a r ry 

AwCh 

Add Word with 

Car ry (FI ags) 

caw" 

Conditional ]y 

Apd Word 

C AwF 

Conditional 1 y 

Add Word (Flags) 

CAw I 

Conditional 1 y 

Add Word bn ICC 

CAwlF 

Condi t 1 ona 1 1 y 

Add Word On ICC 

C F i ags ) 



CAO' 

Condi t i onal 1 y 

Add Digits 

SB 

Subtract byte 


S8F 

Subtract ^Byte 

(f 1 ags) 

SBC 

Subtra<^t ',byte 

With Carry 

SbCr 

Subtract Byte 

with Carry 

(FTagsJ 



SW ■ ■ 

Subtract Word 


SwF 

Si^dtract word 

(Flags). 

Swe 

Subtract word 

With Carry 

SwCf 

subtract word 

with Carry 


CF ) ags) 


4,3,2 Data Access Microinstructions 

The Data Access Mi c ro i nst ruct 1 ons provide the only Means top transfer** 
ring data into op cut of the ni c pomach i ne. The lb«&it tr^^nsfcp path 
is toppieo by tne .-pi c ropnccessor Data chip wt?AL~ Connie 1 1 ons which are 
b 1 cn rec 1 1 ona 11 y Duffered to the * Ife system bus lines# BOAL 
<15I00>, ■ 

The L5l»lT machine input operation (DATI) is implemented by a Read mi* 
c ro ^ n s t puc t i on followed by an Input m i c pc i n s t r uc t i on , Similarly# the 
machine output operation (OATU) is implemented by a w r 1 t e,»0u tput se., 
quence of mi c roi nst rue t i on^, Trtese two basic sequences are available 
in sevevai variations tq acComoOate Byte transfers ' CDAtOQ) ' ‘ and 
pead-modity write oper<3t1ons C^aTiO# OATxOb). purt her ' vari at i 6ns 
3llow for special henOlIn^ interrupt t r ansaC t i ons. 

It Is tne data access 9roup .of mi c roi nst rue t i ons (only) which activate 
the mi croprccessor control chip I/O control signal lines. The lines 
which carry control information to the system bus interface 
lo9lc are wS'rML, wwB, wDIN, ^QUUT, and WIACK, The REPLY and BUSY i n- 
puts to the c°^tro1 chip are monitorea during a data access operation, 
The logic circuitry w^iich interfaces these signais to the LSX-ll sys» 
tern bus is discussed 1 n T he M 1 c rocompy t e r nandboolt. 

These microimstructions are organ1:jed as four basic families of Read, 
input# Write ano output, further sequencing and timing details ape 
presented in Chapter 5,' 
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4,3,2, 1 Heao ^'Icrolnstrgctlons • Peao Hici*o1nstf'uction grouP con* 
sists of t 'microinstructions, all. of which place a svsterr bus device 
address on data address lines. To facilitate sequential' address'" 
ipP* four ricrpinstructioos autonatica})y incre.Ttept the registers Con* 
t a i n i no t^e address arpu'^ents. Because the a end b register ports nay 
be read simultaneously . an read nicroinstructionspiaceboth the 
upper and lower pvte of the device address on ogal <lb:0ii> at the same 
time, AM Read 'i''icroinstructions except for those which inchement'an 
address '^ord execute in one microcvclo, however^ before execution- is 
initiated* the Control ChiP Checks KEPLY h and dUSY H at PH3 to Verify 
that no other system bus operations are still In progress* gecause'of 
th® peauirrent to Check RfcPLY h and BUSY h durinq PH 3^ the address in* 
formation is not be placed on the bus until the following microcycle. 


The address information is placed on wDAU during PHl and is 
cancelled at the end of PHu, thus making the address valid top one mi* 
crocycle. All read m i c r o i ns t rue t i ons assert hGYNC during Ph2 of the 
mlcpocycle in which the c3d dress becomes v^liu, T?ie Reed Acknowledge 
CKAJ mi c roi nst ruct i on asserts W I ACK s 1 m^u 1 t aheou s 1 y with WSYNC, In all 
cas^s is asserted during the'PH4 which follows removai of the ad* 
dress data, None of the read group m i c ro i s t rue t i ons effect the condi* 
tion code flags* The microinstruction mnemonics are shown below I 


R 

R I B 2 

R 1 W I 
RA 


Read 

Read 

And 

I nc r emen t 

8vte 

BY 

1 

Read 

And 

increment 

By t e 

By 

2 

Read 

And 

Inc r emen t 

word 

By 

1 

Read 

And 

Inc rement 

W 0 h d 

By 

2 

Read 

Ac know i edge 





4, 3,2, 2 input Microinstructions • A member of the input m i c rO i nst rue* 
tion group completes the basic DATI or Read-input operation, wDXN is 
assorted during following the removal of address information fpom 
the bus, Th^s s^gnai ,s ^r^terfacea t^ the syste.^, bus' as bDlN wh.ch 
informs t^e addressed device to place its data on the bus for inputto 
the micpOpwOcessOr* Order fop the input microinstruction to be ex* 
ecuted tq Cq^nPl^t^on^ REPLY H ,^ust oe asserted dur^'ng Phl3* 
Since only the a port register is capable of writing register con* 
tBfytSf in^'ut h^ra rricro1r,structiQr,s require ^ miCPpCycies tp execute. 

In some instances it is desipable to have t*^e input operations execute 
to completion inaepenoent of the state of the REPLY H signal,’ The 
input status m i c rO i n s t rue t i on s execute immeaiately without being pre* 
Ceded by a ngaO cPenat^on apd without Checking t^e RBRLY h s^gna]. 

It should be noted that of all the possible input Microinstructions!!- 
only the input N'crd (Iw) microinstructions can load the translation 
register (whem the 6 register field contains t^e proper code), ti 
field arogment of the Input Byte HH) end input word UW) m1c\d1n* 
struction can also specify a Reao*fiod i f y*w r i t e operation,' All of ''■'the 
input microinstructions are available in a tldg*affecting version* 


Tht L‘oi-ii fnc^uiNSTc?uc r lUN st^ 


The n 

•icroinstruction mnemonics are shown 

below* 

Id 

Input 

byte 

IdF 

input 

byte (hi ags) 

Iw 

Input 

Word 

jwF 

• input 

word T h 1 ags) 

I5B 

Input 

Status Byte 

iSar 

input 

Status Byte CFleQs) 

1 0 w " 

Input 

Status word 

ISwf 

input 

Status word CF1 ags) 


4,3ti?.3 *^rne ^'tic^o instruct ions • The wcite Microinstructions are the 
first oert of the write-» Output seauence w*^ich implerr^ents the PATO 
(Data*Gutput ) t ransac t i ons • because the A and ti register ports n^ay be 
read s i f^iu l t aneous 1 y , write Mi c roi nst ruct i ons Place both the upper and 
lowef hyte of the aevice address on BDA^ at the sa^e ti'i’e* 
All write Microinstructions^ except for those which increment an ad» 
dress word, execute in one nicrocyde. now-ever# before execution is 
^nitisteo, th« Control ChiP Checks KbPLY h and bUSY H at PH3 to verify 
that no otrer system bus operations'are in prepress. Because of the 
requirement to check HbPLY H and bUSY H curing PH3# the address infoh» 
nation cannot be placed on fhe bus until the following microcycle. 
The address infohnation iS piaced on BPAL <lbS00> during apd iS 
cancelleoat the end of Ph4i thus making the a '2 or ess valid for one ni- 
crocycie. Ail write Microinstructions assert wsync durin?? o"^ the 
microcycle in which the address is valid. The Write Acknowledge (wa) 
m i c To i n s t r uc t i ©n asserts wlACK H simultaneously with wSYf^C, The miv 
croinstruction mnemonics are shown oelowJ 


w 

write 





Wibl 

write 

And increment 

Byte 

By 

X 

WX32 

Write 

Ana Increment 

Byte 

By 


W I w I 

write 

And increment 

word 

By 

1 

W i'w5 

Write 

And increment 

word 

By 

2 


write 

Acknowledge 



i ^ ^ A w 


4,3,2,4 Uutput Microinstructions « An Output Microinstruction is used 
to complete the basic PATy op “'rite/ gut out o Deration, or to comoTete a 
Read-Modi'^yw.'triteoperaticn (QATIO or D ATI Ob), wUQijT is asserted by 
an uutout microinstruction during Pni following the removal of address 
in^o**mation ^ho.Ti the bus, Thi® sidnai iS interfaced t© the system bus 
as 3 'jOUT If which causes the addressed device to accept the data 
placed OP the bus by the rnicropnocessoh Data cnic. In foh ^n 
Output M i c ro i m s t ruc t i on to oe compTeteCf NtP^y H must be asserted by 
theaddresseddevice during PM 3, Both register A and B ports provide 
for reading or accessing register contents^ so for output Word end 
Outcut Status Word microinstructions all lo-bits can be o^Jt^rut during 
one microcycle, in some instances it is desiraole to complete an out* 
put operation completion ipcrependent of ^he st^te of th-e hfcPLY H s < g* 
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The Uutput Status 'Microinstructions execute 1 rrmea 1 ate 1 y without 
ureceoed Oy a *‘<r|te microlnstructlcn and »-,ithodt Checking th« 
H signal. The n? 1 c ro 1 nst rue 1 1 on rrne'^onlcs are srown nelowj 

Output IJyte 
Output h ora 
Output Status Wq^O 


Microprogram Control Microinstructons 

The Microprogram Control m 1 c ro 1 ns t rue 1 1 on s contrdl or modify the m1*» 
crolnstructlon flow. The only available control methods not covered 
by this group are (1) the RSVC olt CNeao ^ext x'^struction/jnterrupt 
and Trap Service) and c<^) the microprocessor control chip RESET line. 


na 1 , 

being 

WtPLV 

0 « 

0 ^ 

OSw 


4,3»3 


a, 3, 3,1 Conditional / Unconditional Jump and Return 
Micro* • Instructloos This QrOup contains all microinstructions which 
alter the rni c rpi nst rue t i on f 1 (both Conditionally and unconditional* 
ly). The Modify M 1 c ro i ns t rue 1 1 on (MM) * Ju^p (jmP) seouence allows 
the rnIcroProQrarnner to determine the Jumo mioroaddress from data Ip 
one of the mlcromachlne reglstersn The microinstruction mnemonics are 


shown beiowi 





JmP 


J ump 

(Unconditionally) 

RFS 


R e t u r n i 

h rom Sub rout 1 ne 

JZBU 


jump 

1 f 

Zd = u 

jzai 


J u in p 

1 f 

ZB-l 

JNB0 


jump 

1 f 

Nb = 0 

JNBl 


Jump 

1 f 

NBsl 

JlC^ 


jump 

1 f 

incirect Condition Code«0 

JICI 


Jump 

1 f 

Incirect Condition codesl 

jcau 


jump 

1 f 

C8 = 0 “ ■ ■ 

JC81 


Jump 

1 f 

C8sl 



J gmo 

1 f 

N = 0 

JNl 


Jump 

1 f 

N= 1 

JZ0 


Ju^P 

1 f 

2 = 0 

Jll 


Jump 

1 f 

Z = 1 



J ymp 

1 f 

v = 0 

Jvl 


Jump 

1 f 

V=l 

JC0 


Jymp 

1 f 

c=u 

JCl 


Jump 

1 f 

C=1 

MM 


Modi f 

y 

Ml c roi nst r^ct 1 on 
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Cof^Pare ^na Test Hicroinst'*uctions - arouP consists of 

five apItKt^'eHc co'f'cdpe and five lo.gical test n*icpo1nstPUCt1ons, 
nilcpolr. structlon r! nefronics ape s^own below; 

CL Cornpare LI teral 

Compape Byte 
CodDape Byte C Flags) 

Ccppape woro 
Ccmoape 1 -. cpa (Flags) 

Test Literal 
Test Byte 
Test B V t e ( r 1 a g s ) 

Test K' c ^ cl 
Test Wore (Flags) 


4,3«3*3 miscellaneous Control mi c ro1 nst ruct 1 o^s - This group of 
c po 1 n s t puc t 1 ons affects control of CU the interrupt register con- 
tents, (2) the ALU flag register Contents, (3) the Translation Regis- 
ter contents# and (4) the Translation State Register CTSR) contents# 
A]So Included here Is the Nq Operation (NOP) rr, icrolnStrucHon# The 
mlcoinstructlonmne monies areshownbelow; 

Reset Interrupts 
set Interrupts 

Copy Status AndUondltion Flag Register 
Load status And Conoltion Flag Register 
Load Translation Register 
Reset'TransjationStateReglstep 
No uperation 


RI 

SX 

CKF cem 
LFR Uc'C^ 

LTR C-c-dT 

RTSN 

NUP' 


CB 

C8F 

CW 

C.vF 

TL 

TH 

TBF 

Ta 

TWF 
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5,1 genekal 

yne LSI-^H processor rnodule is designed using a wi c rocrogranabl e wi«, 
Cro processor cf*'ip s^t to en^glate a PDP-11* Since ^gs is 

more powerful than the microprocessor I/O structure* some additional 
logic is used t® implement this addea capability* Consequently# even 
though USI-II bus 1/0 operations are easy to m icroproQrsm^ the actual 
implementation must be examined.' The schematic diagram of the 
CPU shpuid be referenced tpr the discussion ^o ’^ollc'^* 


5, a Lsx-n SYSTEM aus intei^face logic overview 

The LSI-lt processor module contains hardware logic circuitry which 
interfaces the niorprpcessQr tp the LSI-n syste^ bus. This loOic 
circuitry accomplishes oasically two functionsS Cl) It modifies the 
SeQUpp^^ng gHp of pontrol signals '^hiph a-bOgar gt the 

chip# anq it provides electrical buffering between the MO 3 Lsl 'I'i” 

croPhoOe^^oh and the HL syst^n bus, This ci^scuss^on relstgS'd^PgCt^y 
to the material in fhe microcomputer Handbook, The reference provides 
twQ useful Iodic drawings. Bus I/u Con^hQi Serial Logic” apd "Inter- 
rupt (i^ontrol and Reset L.ogic'’, ao additional ’ Hahdbook reference Is 
the tinind oiaqraniS ap basic syste^ bus transationS* 

The format of this overview is to list each control signal first in 

Its original SnO then ip its fipal for^, Fpr example, the mi- 

crprccessor originates w$YnC ri which is processed by hardware logic 
circuitry ana pecomes the system bus signal BGYUC L, The overview 
discusses 7 ' mi c roproceso r-sy stem bus interface signals and one control 
signal whiCh is only inout to the control ChiD, 
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5,2,1 ^SYNC H - bYSNC L 

wSYNC h Is asserted by the co'^trol chip as part of the execution of 
anV Reaa or ^rite w Icro^nStructi'on, In an cases, this si Pna) appears 
at the Pe^l'^nlno of Ph 2 folio winq the microcycle In .which the rr.icro in- 
struction was executed, T ne interface Icdic circuitry provides the 
fo1low1nq3f unctions! 

• DcLAYb The a^Peahance of wSYNC H as bSYNC L until aftef* 
ph3, oy means of the iJYNC Flip Mop which Is 
clocked Oy the trailing eode of PbiU, 

-vAiNTAjh^S FSY.nC C In the asserted st^^te until after bRPuY l 
has been terminated by tne slave device at the end. 
of the transaction. This serves to keepthe dev- 
ice recoPnltion sloriaj on the device itself stabje 
until the device has completed Its role in the bus 
t ransac 1 1 on, 

•iNhlBlTS the aopearance of WdYNC H as B5YNC L during inter- 
rupt operations. The t^^'O acknowledge mlcroln- 
structios RA and WA cause the Control chip t© as- 
sert hSYfsiC H s 1 mu 1 t aneous 1 V with wjAk h* The 
H signal forcesthe'SYNC F/F to the reset state 
which fnhiDits BSYnC u* This ig used to Input an 
Interrupt vector from an Interrupting device. 


5.2.2 H - bWTBT L 

WW6 H Is asserted by the control chip during the mlcrocycle In which 
address Information Is placed on the bus. This signal appears immedi- 
ately as BWiBT L, decayed pnlY the 1p,veptin9 buffer" propagation 
delay. 


5,2,3 wDIN H - &D1N L 

WOIN H Is asserted by the controlchip our^ng th^ mlcrocycle which 
follows the t ransm 1 ss 1 on of address Information, All Head microin- 
structions cause tnis signal to be asserteo at the beginning of Ph2, 
This signal appears Immmealately as delayed only by two Inver- 
tors ana the Inverting buffer propaqatlondelay^ 


5, 2. a wDUUT H - bDUUT L 

WDOUT H Is asserted by the control chip et the beginning of the micro- 
cycle which foTTows transmission pf adcress 1 nf pi^mat 1 on. All o'-'I^P'^t 
microinstructions reuse this signal to oe asserted at the beginning of 
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Phi. ‘VIjUUT H is olso t?sserteb as part of the DA I IQ bus transaction. 
The interface logic circuitry provides the following 4 functions* 

• u E lays tne a<^oearance of WDCuT H as HDUUj L until after 
PH<^, by fr.eans of the DUUT h/f which is clocked by' 
the leading eage of PH3, 

•INblblTS the appearance of 8SY^C L until BrPLY has been 
passive ion9 enough for the REPLY F/E t© have been 
reset. The reset state of the RE'PLY e/e bust be 
ANDed with wDQUT H in order for the TOUT F/h to oe 
set. This Mechanism assures that the system bus 
is Clear ailsisve device action before the ad- 
dressed device is tola tvia that the con- 

tent of BDAL<i 5J00> is. valid data, 

-LAiMCtLb 6UQUT L as soon as the REPLY p/E has been set# in 
response to the receipt of dRpLY L, since bPPLY L 
indicates that the data output by the processor 
has been accepted by the addressed device# there 
IS no need to continue bDOUT L, 

•INHIblTS the setting of the QOUT F/r when wSYNC h Is pas* 
s 1 ve. 


5,2.5 BRPLY L - REPLY H 


BrPLY I is asserted by the addressed (slave) device to indicate that 
the required slave action has been Completed, This action Is the 
placing of data on the bus in the case of aningg^ operation or the 
acceptance of data f rO^ the bus in the case of an Output Operation, 
Due to tj^e proP-^qet^on Oeiays a^ppg syste„ bus aqO t© response de- 
lays in the slave oevice, L epooers asynchronously at the pro* 
cessor Module, The interface logic circuitry Provides tne following 3 
f unct i ons 5 . ' 


DELAYS 


ENABLES 


•LAP Cels 


the etfec^i'^e aPPea'^ance of the rePiy signal for 
us.e internal to the logic circuitry until the be* 
ginning of e^Oh ngw rricroCYci^, Tris accom* 
clished by cloc<ing the Re^UY p/p with PhI. 

the set state of the REPLY F/F to appear as REPLY 
H for input to the control chio only when a valid 
I/O operation is in progress (BSYnc L is acHve), 

the BDOUT L signal by negating the signal which 
was ANUED vvith wOQUT H to set the DOUT This 
mecnanism accelerates release of the system ^u;s by 
the addressed device In the case of an fetput 

transaction, 
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5,2,0 t5HPUY L - bUSY M 

BRPLY L is (Tcrc directly Mnneo to tPe BUSY h Input of Control 
cMd tHan it Is to REPLY M, BUSY h is asserteo innrrecMatelv when the 
REPcY F/F is st't and is not depenoent on any enaolinq action. The 
BUSY h incut is chec<ed by the control cnio ouring Pm 3 of both read 
and write rricroinstruction execution, if BUSY H is asserted# execu* 
tion is susrenoeo ana the pending bus transfer is delayed until the 
system ous becomes free, BUSY h is also asserted oy tHe DmA arbitra- 
tion circuitry when another. master device has control of t^e Lbl-ll 
bus* r 


5,2,7 wlAK h » BIaCK h 

WIACK H is asserted by the control chip as part of the execution of 
either ac^tnowlecge mi c roi nst ruc t i on# PA cr ^A, This signal is assert- 
ed at the beginning of ph 2, simultaneously with wSYNC, Because BSYNC 
t does not tai<e part in system bus Interrupt transactions, the 

WSYNC H • B5YNC L i nter face 1 ogi c inhlDits BSYNC L, The interface 
logic associated with the control chip wjAK H Output provides the fol- 
lowing 2 f unc t i ons J 

-OlSAbCEvS the li^T ACK F/F (interrupt ac!<noRledge) until the 
appearance of WDIN H, 

i. . - - 

-DELAYS the appearance of NIAK M, as BlACh H until one mi- 
crocycl'e after of the assertion of BDiN U, 

These two functions are necessary to assure that BOIN L arrives at the 
interrupting device before BiACk m* The transition of BDify' i from its 
passiveto active state is used'by the interrupting device to latch 
the state of the two interrupt acknowledge fHp floes, thus arbitrat- 
ing their interrupt priorities. This mechanish^' has the consepuence 
that the write ,ac kno‘-^ 1 ®dge m i c roi nst r uc i t ©p ^i i ] n^^er produce a blACK 
H signal because h is not asse.rted as part of a write operation,' 


5,3 THE DATA-INPUT (DATI) OPERATION 



5,3,1 OATj Operation# i'linimum Execution Time 

Figures 5,1-1 and 5,2-2 illustrate the control signal action relevant 
to a DATI Operation vvhich executes with minimyrr possible delay, the 
mi croi nst ruct i on seauence presenteo is READ, I'jrUT WORD, Next Microin- 
struction; 

R B,A ; ADDRESS DEVICE, SIGNAL DIN 
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IW d,A INPUT LOvy AND HIGH BYTE, 

NextMicroir, structTon j 

The inalviriual events wnich occur Tn tne UATi ope'^ation are oiscussed 
with tne aid of higures o,l-l and wMcf^ contain the Mlcrocycle 

peferencenuirbers, 

m 1 c poc yc lei Pead 

The execution of tne Read n1 cpoi nst puct 1 In the first nicrocy- 
cle causes no change In the Control chip, Tne nicpolnstpuctlon 
executes to copcletlon oecause REPLY Hana BUSY h are not assert- 
ed dup 1 no PHif I " ■ 

I 

Microcycle <2 Input Word (wait) 

t3ecause the Read microinstruction e^ecuteo to completion during 
Microcycle \i the adoress Information is Placed on BDAL<’15;U0> at 
the *^eg1nning of Pdl. nsynC H is asserted at Ptid, causing t3Y5NC 
L to be asserted at t-ne beginning of Pna, Since the addressed 
device cen only rGsconsd t© bDlN L^ which has not yet been as- 
serted# the xnRuT wqRq m 1 c ro 1 ns t rue 1 1 on chec'< of RbRlT H duping 
PH3fa11sana1nitlatestheA'AlTstate, 

Micro cycle i Input word (Walt) 

Because the Read microinstruction executed to completion during 
MicroCVC]e i, wOIN n is asserted at the begInninS RMg* The 
assertion of bdI*^ L follows Immediately, response to bdIN 

the addressed device piaces data on bPAU<lbJky0> an*^ asserts bRPLY 
L to'the processor, hdweven, the RlPLY f/p Is not clocked until 
PHx and REPLY d remaln.s passive which maintains the WAIT state. 

To assure mlnlmurp oosslble delay In the execution of the DAT! op- 
eration illustrated nere, brpLY L must be received by the proces. 
sOr im time to set the RLP^Y p/R at the beginning of ^,iCrocycle 
4, Qtherwise, the WAIT state will continue throughout Microcycle 
a and the next ^^pportu^itv t° s*?t the REPuY h/P will not occyp 
until the Deg Inning of Microcycle 5, 

Microcycle ^ Input word (Input Low Byte) 

The asserted state of bRRlY l sets the RfcRLY p/F at the beginning 
of PHi, since REPLY H is now active, the WAIT state Is terminat- 
ed dupihg the PHi PbPuY H check and the Datachlp stores the low 
byte in Its designated register, ‘ 

Microcycle 5 Input word (Input High Byte) 

Since the PHi check of REPLY H Is still true the data chip stores 
the high byte in 1 t s. des i gnated register ( de t e r fr, 1 nea by Comple- 
menting the low-order bit of the a register field), no control 
signals are Changed by either tne processor ©r th® addressed dev- 
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because the Input i^ord r'. icroinstruction executea to conolet^on 
aurina bicrocycle 5# ootb ^^bYNC h and wOAn h are made passive at 
the end PHI. Since v^L)I^j H must be ass<?rted'to enable PtPLY H 
during a uAfl operation/ P^PlY h also does passive. HoiMLQoei 
passive imme.'jiatelv/ which informs the addressed oevice to remove 
its d-3ta from -JDA^<]ib:iJ*^>. This cata is ren^oved aoout the sane 
time that pRPLY aoes passive at the processor. Since the SYNC 
p/p is locked into 'its set state oue to the set state of the 
h‘tPGYh/t’,5 5Y:siCGremainsasserte6. 

If the NtXT MlCRUINSTRUCrlUN Delongs either to the Read or write 
group/ the state of BUSY H is checked a^a a new wA^T state will 
be initiated which delays the peginning of the next 1/0 opera- 
tion, ^ny other microinstruction will execute. To assure mini- 
mum possible aelay in the execution of the DAJI operation illus- 
trated here# pRPLY L must go passive at the processor in time to 
reset the kEpLy h/h at the beginning of Mlcrocycle 7, Otherwise 
the next opportunity to set the REPLY ^/h will not occur until 
the beginning of hicrocycle b, and a possible wait state' initiat- 
ed duriog Hie recycle 6 will continue at least into Mi c recycle 8. 

Michccycle 7 Next hi c roi nst ruct i on 

Since bRPLY L was negated by the addressed device ouring Microcy*’ 
cle 6/ the hEPLy h/h is deexed to the reset state at the begin- 
ning 0^ RHj., Wh Ch ' cbnce ) s BUSY H, Tre reset state ©f th® REPLY 
p/f* also allows the SYnc p/p to be clocked to the reset state at 
the end ofPH 3 , which makes BSYNC L passive. 
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5,3,? JATi cperation# Uelayea hxecutlon Tirre 

Figures 5.2-1 and 5,2-2 Illustrate the ccntrol sicnal action relevant 
to ^ OATI oP^'raticn ^n which execution is deiayeo at 3 Points, fhe 
delays occur curing the execution of tne Head *" i c r o i n s t rue t i on ana in 
the' response o^ the aaoresseo device to dotn the assertion '^na nega- 
tion of 5oiN L, The microinstruction secuence presentee here is Head# 
Input nord, f-ext Microinstruction: 

R a,A • AODRhSS DEVICE, SID-NAL OfN 

IW a, A ; INPUT LU^ AND MlUh bYTE 

Next i c h i n s t hue t i on ; ' 

i 

The individual events which occur in the PATI operation are discussed 
with the aid o'f figure 5, 2* 1 5.2-2# which contain the Microcycle 

reference numbers, 

Microcycle l Read (wait) 

The EU5Y h inout to the Control chip is asserted during the en- 
tire microcycle which causes the pH3 checi< performed bv the READ 
microinstruction to fail. The WAIT ’stet© is initiated during 
PH3, For complete accuracy, other control s 1 gna 1 ' ac t i ons should 
be apparent during microcvcle I which relate to the conclusion of 
a previous l/u transaction. These actions have been om.itted fpom 
the figures, 

Microcycle 2 Read 

The 5U5V H signal goes passive prior to tre pH 3 check, since the 
Busy h check is passed# the hait state is terminated ana the Read 
microinstructionexecutestccompletion, 

Microcycle 3 Input word (wait) 

decause the REad m i c roi nst ruct i on executeo to completion during 
Microcycle 2, the address information is placed on bDAU<l 5 ;D> at 
the beginning of Pril, w5YnC H- is asserted at Pn2, causing ESYmU 
L to te asserted at the beginning of pr-H, since the addressed 
device can only rOspOng to ^PIn if which has not yet been assert" 
ed, tne input word rr 1 c ro i nst rue t i on checx of REPLY H during PH3 
failsenainitiatesthewaitstate, 

Microcycle 4 Input word (Wait) 

decai-ise the Reao mi c roi nst ruct i on e^^eedteo to completion during 
Microcycle 2,' wDlN H is asserted at the beginning of PH2, jhe 
assertion BDIN L follows i fffT,ed i a t e ] y , Sipce there {S ’no 
change in the state of Rp^Y H# the waIT state is maintained, 

Microcycle 5 Input word (wait) 

In response to BDIN L asserted during M-ic’ocyele 4, the addressed 
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device asserts bi^PLY L and places oat a on bDAL<15;-^>, Since 
there Is ^0 change in the state of HtPLY n, ^he t*'a1t state is '"a* 
i n t a i nan , 

If bKPLY L had teen asserted during .^icfocycle t HtPLY M would 
have Oecone active during icrccvcle b. As illustratedir tne ad- 
di 1 1 cna 1 de 1 ay in deViCe nesbonse aodS one full microcycie to the 
executioncftheDATioperation. 

Microcycle e> input hord (Incut Low dyte) 

The assented state of bPPLY L sets the REhLY F/F at the beginning 
of PhI, 3 if^ce ph>’Lt n becones active# the wAli state is termi- 
nated aur^’ng the Ph3 REPLY H Cneci< 8nd th^ Data Chip' stores the 
low byte in the designated register. 

Microcycle 7 Input word (Incut high Byte) 

bince the PHi chec< of REPLY H is again Passed# the data chio 
stores the hign Dvte in itsdesignated register (determined by 
complementing the low orpen pit of the A registen flelo)* 
other control signals are changed by either the processor or the 
addresseddevice. 

Microcycle a Next Ki c roi nst ruct i on (Possible WAIT) 

Because the Input word ml cnoi nst ruct i on executed to completion 
during ^Mcrocyde 7i both w.sY^'*C H arc wOiN h are made passive at 
the end of Phi, Since wuIn H must be asserted to enable REPLY H 
durinq a UATl operation, REPLY H elso'goes passive,' BDlN'L’goes 
passive immediately, which informs t^e aoopesseddevice to remove 
its cjata frc.T bQ AL< I b j . SinOg ^he i^ locked into its 

set state cue to the set state of the KfPLY p/p# L remains 

asserted. 

If the next mi c roi nst ruct i on belongs either to the read Or write 
group, the state of REPLY H ana BUSY H is checked and a new waIT 
state will be initiated which delays the beginning of the next 
I/o Operation. Any other microinstruction will execute. 

Microcycle R Next Mi c roi nst ruct i on (possible wAiT) 

in response to HUIN L negated during Mcrocyde a# the addressed 
device negates bRPLY L and removes its data from BDAL< 1 5 ! 0i3> , 
since there is no chan je in the state of cuSY h the possible wAlT 
state wculcbemaintained. 

Microcycle IvJ i\ext mi c roi nst rue t i on 

Bince bRPLY L was negated by the addressed device during Microcy* 
cle 9# the pEPLY t/F is docked to the reset stats at the begin- 
ning PRl# wp, 1 Ch'cance ] 1 s BUSY H, Tre reset state of ths REPLY 
p/F also allows the S.YNc r/K.to be clocked to the reset state at. 
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t^e enoof Ph3, wmch rat^es PSYNC U Passive,' 

DevlceResponsef^ote 

If 5HPLY L had ceen negated during Picrocvcie 8, buSY M would 
have beco'^e passive auri^g bicrocyde 9, As IHustrateo# t^e ad- 
ditional delay in device resoonse aacs one full micpocycle to the 
execution the OAT i operation. 


hIGURE 5.2-1 
DAT! delayed I 
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b,3.3 UATI f'lcrooroqr'^'^'^inq bunmary 

Ttie DATI operation, as 1 rnp 1 e^ent ed by the Rt.AD^'if^PUr rr 1 c ro i n s t rue t i on 
sCQuence, allows tor variable delays in addressed device resonse to 
both the asse'*tion ana neoetion of L« In enV Conventional ma* 

chine conf 1 curat i on the device responses will likely not be the mini"* 
rrUfr.s discusseo in section 5.5.1, To ma<e better use o^ what would 
otherwise oe Wa i f i nduced microprocessor idle time# data manipulation 
microi'^structic'^s may be inserted between tne head and input microin- 
structions, Ihe time reauired to execute the inserted data manipyla* 
tion rpicrointructions should optimatliy be close to# dut less than# 
the worst case maKi,Tum device response to the assertion ot yoiN L» 1^ 
this way tne m i c r op r oq r an wip execute with minifrized or even zero 
overall oelay. no oifficultv is encountered W addressed device res* 
Ponse causes KtHLY H to be asserted before Completion of tne inserted 
data manipulation m i c r o i n s t r uc t i on sequence is completed. This condi* 
tion merely delays# for a different reason# the eventual Comoietion of 
theOATloperation, 

Once the INPUT microinstruction has executed t® completion, the ad- 
dressed device is expected to remove data and negate bKPj^Y i. The mi- 
croproessor may be best used at this point by executing microinstruci^ 
tons which oo'not check the status of either d or BUSY H, 

TO summarize, the delay in execution of a micropogram containing a 
DATi operation may be minimized ifj 

1, * 1 he mi c roi nst ruct i on immediately preceding the RbAQ microin- 

struction does not cause BUSY h op R£Puf ^ to oeassepted, 

2, The addressed device responds to the assertion of BDINL in 
IT- i n 1 m u m t i m e , 

3 , The aooressed device responds to the negation of BDIN L in' 
minimum time, 

a. The microinstruction immediately following the INPUT microin- 
struction does not check RtP^Y n or BUSY h# 

As an alternative to condition 2 above, unavoidable delays may be 
utilized by data manipulation mi c rOi nt ruct i onst 
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5,^.1 PAlC Cteration, Mini'nufn txecutlon Tloie 

Fiaure b,i illustrates tre control signal action relevant to a DATU 
operation ritecutes miniir^um possi^'le delay. The microin- 

str’Jction secuerce presented is write, Output Next n i c rp i nst ruc- 

t i on ; 

W b,A • AODPE5S DEVICE, signal. DQUT 

Ow A ; Ou THU T wOpD 

Next f'licro ins t** get ion 

The individual events which occur in the DA TO Operations are discussed 
with the aio of Figure 5,3, which contains the Microcycle reference 
numbers* 

Hicrocyclel write 

The execution of the write microinstruction in the f i rst' m i c '“Ocy* 
cle causes no change in the control lines. The mi c roi nst ruct 1 on 
executes to ComP 1 et i on because REPLY H apO BUSY M are unasserted 
dgringPh5, 

Microcycle 2 Output word (Wait) 

Beca'Jse the write microinstruction e^ecuteo to completion during 
Microcycle 1, the address information is Placed on bPAL<15:00> at 
the beginning of Pdi, The H signal iS assented at the begir,"" 
ning of PmI w h i c h i no i c at es a write operation, T he ' as se r t i on of 
6WTBT L follows 1mm eaiateiy, wSYNC H is asserted at PHj# causinQ 
ySYNc U to be asserted at the beginnind of Ph^i,' Since the ad- 
dressed oevice can only respond to BDOuT L, which has not yet 
been asserted, tne uutput Word m i c ro 1 s t rue t i on check of PE!Pl.Y 
during Ph3 fails andinitiates the WAIT state, 

Micnocycle3 uutout word C Wait) 

Because the output word m i c ro i nst rue t i on executed up to the fail- 
ing check of REPLY H during Microcycle wpOuT H is asserted at 
the beginning of PhI* The F/F ig {n the'peset state during 

this microcvclo, which allows the asserted wDQuT h to set the 
DyUT F/P at the beginning of Pm 3, wren the DQbT' F/F is set# 
BDOUT L is asserted. Since this example contains the Uutput word 
micrtJinstruction# w'MBH and thus bWTBT ere negated at t^e begin- 
ning of PHI, BwTbT L remains asserted past this ooint only in 
the Case of a byte Output operation, AlgO duping PHI', t^e Data 
chic simultaneously places two bytes (a full word) of dataon 
BD A^^< 1 5 j -jU> . ^n response to the asseption’of BDuUl O' ^b- 

dressed device accepts the data output by the processor and re- 
turns BFPlY l.» hbwever# the RtP^Y F/F is only clocked at Pj-il and 
REPLY H remains passive which maintains the WAIT state. 

To assure m i n i mum ■ po ss i b 1 e delay in the execution of the DATO op- 
eration illustrated here, BRpLY L must be received by the proces- 
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sor In tiTff to set t^e F/F at the beginning of Microcycle 
a. Otherwise# the Aait state will continue throughout ^'icrocvc^e 
4 and the ne^(t ope-ortunitv to set the KcPlY h/F will not occur 
until the teg inning of •'^■ic recycle 

Microcycleu Uutnutword 

The asserted state ot dPh>Ly L sets the Ht.h’LY F/F at the beginning 
of Phi. Since PtPUY M becomes actiye# the wait state is termi- 
nated at the PH3 PhPuY H chec< anc the Output ^^oro micrCinstruC" 
tion executes to completion. The set state of the RLFLY F/F also 
negates the DO^JT F/F inpgt# and it is clociced to the’resat state 
at the beginning of pni which negates buOUT L ana also cancels 
HFPlY h, i\ote that the Control chip deterihines the state of 
kEiPLY b at the beginning of PH3, thus recognizing the addressed 
device response before RbP^Y H is canceled via the resetting of 
the DuUf F/F, in response to tne negation of BDOuT U# the ad- 
dressecoeviceneg3tesBKPi,YL, 

To assure minimum possible delay in the execution of the QATO op- 
eration illustrated# tiRP^Y l nust 90 passive at the processor in 
time to reset the REPLY F/F at the oeg inning of Hicrocycle 5, 
Otherwise the next Opportunity to r^set the RtPLY F/F will not 
occur until the beginning of hicrocycle 6, 

Microcycle 5 Next Instruction 

Since bPPLY L was negated during Microcycle <4# the Pe^lY f/f is 
cloc«ec to the reset state at the beginning of wHl^'thus cancel- 
ling BUSY H, Because the output horc m i c po i nst rue t i on executed 
to completion agring Microcyde 4, wsync n is made passive at the 
beginning of Ph2 and ^^^PqUT H ig made'pass^ys ^t the beginning of 
Pha, The Data chip removes the output word from bOAL<lB’;00> at 
the end of PH4, SYNC L is cloc*<ed to the Passive state at the 

eridofpHi^' 

Any tyde of microinstruction may be executed during Microcycle 5# 
since the kERLy F/f was reset at the beginning of Phi# thus ne" 
gating BUSY H, " " ■ 
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5,4,<? UATOOelayeotxecutionTin'e 

Figures 5,4-l ang 5,^-2 Illustrate the control signal action, relevant 
to 3 OAjC .operation in which execution is gejayea at 3 coints. The 
delays occur during the execution of the -^rite m 1 c ro i n s t r uc i t on and'in 
the response of the aoaressed device to both the assertion and nega- 
tion of rtUOUT L, The .iiicroinstruction Seouence presented here is 
Write# Output Word# Next ihicroinstruction; 

W b,A ; AOOPbSS DEVICE# SlG'^AL DQUT 

OW d,A ; OUTPUT WORD 

Nex t P i c ro i nst r uc t i on - - 

I 

The Individual events which occur in the daTI Operation are discussed 
with the aid of Figures 5.4-1 and 5.4-2 which contaip the fricrocycle 
reference numbers. 

Microcvcle 1 write cwait) 

The bU3Y H input to the Control chip (not shown In the timing di- 
agram) is asserted during the entire microcycle which causes the 
Pb3 checi^ Performed bV the Write mic^tsinstruction to fail# The 
wait state is i n i t i at ed du r 1 nq Ph 3, For complete accuracy# other 
Control Signal actions shoui-d be apparent aurinQ bicrocvcie \ 
which relate to the conclusion of a previous I/O transaction. 
These actions have been omitted from th© figures, 

Microcycle 2 write 

jHe BUSY H signal goes' passive prior to the pn3 chec<. Since the 
BUSY h check is passeci^ the wait state is terminated and the 
write mic>*oinstruction-executes to completion, 

Microcycle 3 Outout Word (Wait) 

because the write m i c ro i ns t rue t i on executed to completion during 
^’ic^ocycle the address Information is placed on 6 PAL<i 5 ! 00 > at 
the beginning of Phi. 

The wwb H signal is asserted at the beginning of Phi which indi- 
cates a Write Operation, The assertion of awTbi i follows imme- 
diately, 

wSYNC H is asserted at PM2# causing bSYNC L to be asserted at the 
beginning of pH 4^ Since the addressed device can only respond to 
BDoUT i_# which'has not yet been asserted# the output worO ‘micro- 
instruction checK of REPLY H during Ph3 tails and Initiates the 
wAiTstate, 

Microcycle 4 output word Cwait) 

Because the uu.tput word m 1 c ro i nst ruct i on executed until the fail- 
ing check of HEPuY h during microcycl*^ 5; wduDT H is asserted st 
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tHe beoinnirq of Pnl,- fhe HLPLY P/f- is reset state during 
this If recycle w h 1 c ^ . a M o w 3 the assertea >^U'uUT P tc set the DyUT 
h/P at the r>ev>1nninq ot Phi,, a hen the iK'bJ F/h is set, bUCUT L 
Is essertec. Since this exarrple contains the' Output i^'ord mlcrO- 

1 r s t r ' j c 1 1 0 ^ 6 n a n o thus b *« T p T L are n e 9 a t e a at the b e g 1 n n 1 n g 
of PmI, pnioT onemaln asserted past this point only In the case 
of a byte output operation. Also auring hhI, the data chip sim- 
ultaneously places two ■ bytes Ca full word) of data on 
bOAL<ib:*'G>, bin^e KppLY h is unchanged in this mic^dcVcle/ ^he 
i-^AlTstatels'^alntalned, 

Microcycleb OutputwordCwait) 

In r<^:s!Tcnse to bOO'jT Lf the aodressea device accepts the data on 
bPAL < 1 5 ! '^b> and returns bRpLY L to the Processor, However,- the 
KtPLY F/F IS oniv cioC<ed at Phi ana Rb^LY d remains passiVe 
wh1chmaintainsthev*^AXTstate, 

If BHPLY L had been asserted during riicrocycle Kt-PlY H' would 
have become active during Hicrocycle 5, As Illustrated, t^^e aci"* 
ditionel delay in device response aaos one full microcycle to the 
execution of the DA To operation, 

Microcycled Output Word 

The asserted state of BRPLY L sets the F/F at the beginning 
of PHi, since ptpuY H becomes active, the waIi state Is termi. 
nated the ^1^3 RbPLY H Che^k ana the Output wor(j m i c ro 1 nS t ruc- 
tion executes to completion. The set state of the R^FLY F/F also 
negates the oOuT F/F' Input, and it is clocked to the'reset state 
at the too inning of Ph 3 -which negates BPoUT ^ and also cancels 
HtPLY H, Note that the Control chip determines the state of 
PtP^Y ^ at the beginnlng'of Ph 3# thus recognising the response of 
the addressed device before RfcPLY H is cancelled via the reset- 
ting of the QqUT F/F, 

Mlcrocvcle 7 Next Microinstruction (p ossicle wAiT) 

because the output word microinstruction executed to completion 
during hicrocycle 6, h is maoe passive at the beginning of 
pbB and wDUUT n is made passive at the' beginning of The 
Da^a chip r^novCs t^e Output wOrO fpon buA^<l5;b0> end’of 
PH4, IP responseto the negation of BDQUI L, the addressed dev- 
ice negates nhpj^Y 1 ^, However, since tRe'KtPLY r/r ig clocked at 
PHi, it remains rn the set state which asserts BUSY H, 

If the I'iext Microinstruction belongs either to the read or write 
group, the state c-f busY H is checked and a new k^ait state will 
^e initiated w,^iCh delays the bgqinning of the ne^t I/O oPe^®** 
tion, A.ny other microinstruction will execute immediately. 

If BPPLY L had been negated during Mlcrocvcle 6, the RBPLY F/F 
would have been reset at the beginning of nicrocvcle 7, As il- 
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( 1ust''ated» t'^e additional delay In oeyice response adds .one ^ull 

fricrocvcle to t^e execution of tne UATU ot-eration, 

( Microcvcle fc f^ext ^icrolnstruction 

Since bRPLY l «as negated during Microcyc^e 7, tne PtPlY p/h is 
^ clocked to tne reset state at tne beginning of PHI, tngs cancel* 

ling BUSY H, The reset state of tne RtPuY F/f also allows the 
, SYNC F/F to be clocked to the reset state which negates BSYNC U, 

Q - . - . 

If the microinstruction in Microcycle 7 caused the microprocessor 
to initiate the wait state# the microinstruction will now exe» 
V cute# Otherwise m i c ro i nst rue t i on e^e^ut i on i proceeds normally# 
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PIGURE 5,a-2 
DATU DELAYED 2 
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DAlGi^Mcrocrogra'nmingoufnrr.ary 

The DaTu operation^ as 1 mp 1 eTien t ed by the vs r 1 te-uut put c roi nst rue* 
tion s<?duence» allows fop variable oelays 'in a^Jopessed device pesDonse 
to both the assertion and negation of DDin l* howevepr thepe is an 
important ditfepence between the OATl ana UA|U operations regarding 
delay handling. To optimize mi c roppocessor pertopnance in the DATq 
context, the Output microinstruction must immeoiately follow the wRiTfc 
microinstruction. This is necessary because oOqUT i Is afunction of 
the output microinstruction, in contrast, gOlN L is a function of a 
Read m i c pO i nst rue t i on , Thepefoper thepe is np oppoptuni tv in the OATq 
context, to make use of idle time caused by the delay of the addressed 
device to pescono to the assertion of BOq'JT l* ' 

Once bRPLY L is receivea, indicating that the addressed device has 
stored the output data^ the system bus interface logic proceeds 

i iDfredi ate 1 V to negate BUQUT' L. This action accelerates t^e ' negation 
of BhhUY I by the addressed device. The microinstructions which'fdl- 
low the CUTRUT microinstruction should not be of the type which checit 
RfcPtY H Op B05Y Ht otherwise the resulting wA^t state' will cause mi- 
croprocessoridletime. 

To Summarize# the delay in the execution of a microprogram containing 
a DATO operation may be minimized ifs 

It fhe microinstruction immedatelV Proceeding the Write microin- 
.struction does not cause Busy hi or ReRLy H to be asserted, 

2, The write mi c roi ns.t ruct i on is immedateiy followed by an Out« 
put m i c ro i nst rue t i o n, 

3 , The addressed device responds to the assertion of bDOUT U in 
mini mum time, 

a. The addressed device responds tc the negation of BPOUT L in 
minim. urn time, 

5, The mi c roi nst ruct i on i mmed.i a t e 1 y following the Output micro- 
instruction does not check RtPuY h Op BUSY h* 


5,5 THE DAI A-IInPUT-OUTKUT (DATIO) OPERATION 


5,5,1 DATIO Minimum Execution Time 

Figures 5,5-1 and 5,5-2 illustrate the control signal action relevant 
to a PATIO operation wpicp executes with minimum, possible de]ay, Th® 
mi c ro 1 nst rue t i or sequence presented is Read# input word# Modify 
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datOf Output ‘‘oro, Next fMcpo instruction: 


R 6 , A ; 

1 ^ t? , A ; 

MoQifytheoata ; 

Ow d,A : 

Next N'icro instruction j 


ADDRtSS device, blG^^AL DI.N 

Input lUi-j and hiun uYit. 

MQDIHy DATA 

.SIGNAL. DUUT, OUTPUT vnO«D 


The individual events which occuf* in the DATIU ooer*ation af*e aiscussed 
with the aid of figures b,5-l and 5*5-<£, whic*^ contain the Microcycle 
referencenUfrCers, 


Microcyclel Heaa 

The execution of the Reao n i c ro i n s t r uc t i oh in the first nicrocy* 
cle causes no change in the control lines. The mi c roi nst ruct 1 on 
executes to completion because REPLY H ana BUSY H Cnot shown) are 
unasserted at Ph3, 


Microcycle 2 Input word (wait) 

The Control chip determines that a Read*Moaify'* write operation is 
to be cerformea by means of the arsunent contained in the S re* 
Ulster fielo of the input word microinstrUctiont it stores this 
information internally and will notconciudethe daTIO operation 
Until an output m i c ro i ns t rue t i on is successfully Comoieteo, 

because the Read microinstruction executeo to comoletion during 
Microcycle I, the address information is Placed on BDAL<15J00> at 
the bedinnlng of PHl, nSYNCH f g ‘ ggge pted at P^Vr causing bSYNC U 
to be asserted at the beginning of F?h^, bince the addressed dev* 
ice can. cn|y respond t^ bDlN L (durihg th^ inpgt POption), which 
has not yet teen asserted^ the Input worn microinstruction chec*< 
of PtF^Y at Ph 3 fails and the wait state is initiated, 

Micrccycle 3 Input word (wait) 

because the need ml c roi nst rue t i on executed to completion during 
hicrOcycle 3, wDxn h .(not shown) is asserted at the beginning of 
phP, The assertion Of BDIN L follows immediately. In response 
to bDi^^ I , the addressed device olaces data on bDA^ <15I0 0> and 
returns bKhLY L to t>“'e processor, however, the kEplY f*/E is hot 
clocked until RmT and HthE^ H remains passive which maintains the 
waitstste. 

Microcycle 4 Input word (Input Low byte) 

The asserted state of bRPLY sets the HePLY F/F at the beginning 
of PHl. 5lnce REPLY H beCoir.es active, the wait state is terp,i» 
nated during the PHi R^PLY h chec^c ang the data chip' stores the 
low byte in a designated register. 

Microcycle b Input ^o.ro (Input high byte) 
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Sif^ce the HHi cHec« of KtPLY H is again ras'sed, the Data chip 
stores the high byte in a desi^natec Coeter^ined by com- 

plementing the low-opder bit of tne A register field). No con- 
trol signals are changed by either prCcessoror the addressed 
device# 

TO assure the minimyrr possible delay in the execution of the 
input portion of the OATIg operation/ bf^PLY L must be received at 
the processor in time to set the REPLY F/h at the beginning of 
MicrOcvcle ^# utherwise the h'AxT state will continue throu9hOut 
Microcycle a ano the ne y t , opoo r t un i t y to set the REPLY P/h will 
not Occur until tbe beginning of h 1 c roc yc 1 e ;5 • 

i 

Microcycle b ^■odify Data 

beca‘Jse the Input norp microinstruction exec'Jted to completion 
during Microcycle 5» aDIn h Cnot shov«n) a^d BDIN L are n-egated at 
the eno of P^i, The negation of hDiN m ^iso cancels REPLY H* 
The Keaa-Mcd i f y-w r i t e operation maintains ^‘SYNc H 1 n t he ' asserted 
state. The addressed device res p ones to the negation ofbDIN U 
by removing data from bDAL^<15;i(5Co> ano negating BKPj_Y l* 

This example of the DATIU operation allows one microcycTe fop 
modification of the data retrieved by the ‘Yord microin- 

struction, Normal gsage*would probably require manipulation 
the entire data word which would necessitate at least 2'microcy- 
cies# SinCe none of the data manipulation microinstructions 
checi^ the R^^L^ H or yUoY ^ signals# execution can proceed with- 
dut delay, “ 

Michocycle 7 DutPut word twait) 

Since eFPlY l was negated oy the addressed device during Mlcrocy- 
cle the REPLY F/F is cloci<ed into the reset state at the be- 

ginning of PhI# which cancels bUSY p (not s*^own)# Execution of 
the output word m i c roi nst rue t i on proceeds up to the’pH3 check of 
^^^L^ ^ been cancel lea and the WAir st^t® is init1- 

a t ed. 

Microcycle 3 Output Word (Wait) 

because the output wURD microinstruction executed up to t^e fail- 
ing check of REFj^Y ri during Micpocycle 7# wpoUT h is asserted at 
the beginning of. Phi, BQQUT L is asserted at the beginning of 
PHi, 

since this example contains the Output word microinstruction# 
wwbH and BwTbT L are not asserted. In th^ case of an Output Byte 
m i c ro i ns t rue t i on# the assertion of fe'^Tbl L would begin at PNl of 
MicroCvcle 8 and end at PHi 0"^ MicroCYcle 9, Also# as a result 
of the partial execution of the output wora microinstruction# the 
Data chip si-multaneously places two bytes (a full word) ©t data 
on BDAl< 15 : 
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in response to t^e assertion of bDUUT t, t^e addressed device ac- 
cents tre data output bv t.He processor, ana asserts BkPLY'L, 
MO^ever# .tre KEPlY P/F is not clockea until Pril ana PbP(;,Y h rega- 
ins passive which maintains the .*JAlt state, 

Micrccycle S UutPut ‘soro 

The asserted state of HPPLY t sets the htPLY P/F at the beginning 
0 ^ ^*^1, Sirfce PtPLY H oecon-es active, tne a ait state is tepini- 
nateo at tre Ph 3 HtPlY h check anc the Output r^opd microinstruc- 
tion executes to completion. The set state of the HtPLY P/F also 
negates the UoUT P/P input ana'it is cloc»^ea to the 'reset state 
at tne beginning of Phi, which negates ePOuT L ana also cancels 
hEHt''^ TiOte that the Control chip determines t*^e state of 

REPLY h at the beginning of PH3, thus recognizing the addressed 
device response before h?tPGY H is cancelled via the resetting of 
the LOUT P/F, 

hicrocycle IL Next mi c roi nst rue t i on 

The negation of BRply L causes the REPLY h/F to be reset at the 
beginning of pHl which negates BuSY H (not shown). Because the 
output Word microinstruction executed to Completion during ^icro- 
cvcle 9, wsYnc h is made passive at the beginning of PpiS and 
wpuUT H is made passive at the beginning of PHa, The Data chip 
removes the* output word from BDAl< 15!00> at the end of 
bSYrNC L is clocked to the passive state at the end of PH3, 

Any type of michoinstruction may be e^ec^ted during hicrocycle 
10, since the rEPLY p^p was reset at the beginning of PHl» thus 
pegatinQ BUSY H, ^ ” 

In this example of a DATIQ operation. # both REPLY h and BUSY H 
(not shewn) are passive during f'-icrccycle 10, As a result, any 
type of microinstruction may be execut^cl, however# if t^ie nega- 
tion of ERPLY L received by the processor is delayedpast the be» 
ginning of PhI of y,icrocycle 10# buSi' p wOyld active# thus 

delaying the start of any new i/o operations. 
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5t5*2 QATIU ^ic^oP^oq^a^r|ri^q Su^'^ary 

The DaTig or €> rat ion* as irplef^entea by the Reacj-lnput-Mooify-Outout 
microinstruction sequence, ano‘«^s for variaolecJelays in a a dressed 
device response to both the assertion ano negation of’BGir>j L ^rtd also 
to ooth the assertion ana negation of bDUUF L* The optitrizing consi- 
derations relevant here’are a conbinatioo of those discusseo in the 
DATiandGAlccontej^ts. 

TO summarize, the oelay in the ej^ecution of a 'Microprogram containing 
a DATiO operation may be minimized ifs 

1, The »^i c roi nst ruct i on immediately preceding the Head micrpin. 



struction does 

not cause BUSY 

H 

Or RtBi,Y H to 

be assorted. 


2, 

1 he ado resseo 
minimum time. 

device 

responas 

to 

the 

9sse rt i on 

of bOIN 
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i n 

3. 

The aaoressed 
minimum time, 

ae V i ce 

responds 

t c 

the 

negat i on 

of bDlNL 

i n 


The addressed 
mini mum time. 

device 
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t 0 
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assertion 

of bOOUT 
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i n 

5. 

The addressed 
minimum time. 

device 

pe spends 

t 0 

the 

negat i on 

of BPOUT 

L 

i n 

6. 

'The mi croi nst ruct i on 
instruction does not 

1 mmed i a t e 1 y 
check RtPuT 

following the 
h Op BUSY H* 

Output 

m i c ro- 

an alternative to conoition 

2 above 

t 

unavoidable 

delays may 

be 


utilized by inserting aata manipulation microinstructions. 


5.6 the IRTERHUPT UPtRA.TION 

Figures 6,6-1 and 6,6-2 illustrate the control signal action relevant 
to ?n interrupt operation* Th^ m i c hoi nS t r uc t i on sequence presented is 
Reao 4 C<nowledge^ I^uut •'«ord/ Next Microinstruction, 

RA b,A t blUNAL OIN, lACK 

Iw b,A ; INpur VECTOR LOW ANU HIGH bYlE 

Next Hicroinsthuctioh 

The inoiviaual events which occur in the interrupt transaction are 
discussed with the aid of Figures 5,6-1 an'^ 6#fe-2 which Contain the 
Microcvdereferencenumbers* 

Hlcrocycle 1 Read Acknowledge 

The execution of the Read Acknowledge michoinstruction in the 
Hrst microcycle causes no change in the control- lines. The mi- 
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c<“o<n$trLction executes to cofi*Plet 1 on cecause pEkLY h and bUSY H 
aPeundSserteCauringpHi^ 

M 1 c'*ocycle Z input f^oro (•'♦ait) 

because t^e Keaci AC<nowled'3e fpicroinstruction executed to cofT'ple* 
tion durino ^'ncPccvcie 1 , the Contents of the aesidnated regis- 
ters are piaceo on ni) AL< 1 5 ; 0y> at the Ceolnnlng of Phi, Since no 
address ipfoh'natlon is required in the Lbl-li system Ous inter- 
ruot transaction! any registerCs) nay oe oesignatedt hSYNc h and 
wiACK h are asserted at the beginning of PH 2 , The assertibn'of 
wlACh M holds t^e SY.'jC F/F in the reset stete thus o 1 oc><ing the 
assertion of BbY'%'C L! as would ether wise'occur at the beginning 
of Ph4, B5YnC l is inhioitea because it is not required in the 
LSi-ll system bus interrupt transaction, 

The interruptinq device only returns BPPLY i in response to BIAC^ 
h# which has not yet been asserted. Therefore/ the wait state Is 
initiatea at tne beginning of PH 3 , 

Mlcrocycle 3 Input word Chait) 

Because the Read Acknowledge ni c roi nst ruct 1 on executed to conpie., 
tion during picrocycle 1 / WDxn h is asserted atthe beginning of 
Phe?, ]he assertion of BOlrvL follows imfreoiately and is used to 
stablize the priorities in the Interrupting device. Since KEP^Y 
h remains unasserteo! the wait state is maintained, 

Microcycle^ XnPuthordCHait) 

with the assertion of WdIN H during Microcycle i, the INT aCK p/p 
is no longer locked in the reset state therefore the iNi ACK P/F 
is clocked, to the set state on the trailing edge of P^l thus as* 
sertip3 h. In response t© the assertion 8XACK H, th© 
interrupting device places Its device vector on and 
©sserts PkflY L, Hov^ever, the RbPLY F/F is not clocked until 
phfl, kEpLy h remains passive which maintains the wait state^ 

Microcycle b InPyt word CXnPut tow byte) 

Ihe asserted state of oPPLY L sets the RthtY F/F at the beginning 
of PHI, Since REPLY h becomes active, the Walt state is termi- 
nated at the PH3 htPt.Y h check and the Data chi© stores the low 
byte of the device vector in the designated register pair. 

To aSSuhe mlnlrrym possible delay In the execution of the inter- 
rupt operaticn illustrated here, BrpLy L must be asserted at the 
proCeSSor t^m© t© S 0 t the REPLY F/F at the ^eginninq of Fi^cr o** 
cycle S, ytherwise the wait state. will continue throughout Ml- 
cr^cvcle 5 and the next un 1 t y t© set the RtPLY F/F wlO not 
occur until the oeglnn.ina of picrocycle 6 * ' 

Microcycle b input word (input High ByteJ 
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Since t^e h'h 3 cReck of RtPUY H is acain Passed, the Data chip 
stores tne nioh byte tHe oevice vector in a desiQnateo regis- 
ter C oet e r'T' i nea oy c onp 1 enen t i ng the 1 ow-o pde r o 1 t of the A re- 
gister fiela), NO control signals are changed by either the pro- 
cessor or the interrupting cevice. 

Microcycle 7 Next Microinstruction (Possible wait) 

Because the Input *‘ord microinstruction executed to completion 
during r'icrocycle tr both wsYnc h ana wDlN h are maoe passive at 
the end of phi, SmCe wulN m ^nust be asserted to enabje H 
during an interrupt operation# Rt^PuY h also [goes passive. BQlN L 
goes passive immediately, which informs the' interrupting device 
to remove its vector fpom dOA(_^<15j0 0>. The vector is ror^oved 
about the same time BRPLY L 9oes passive at the processor. 

If the f'-ext Microinstruction belongs either to the Read or Write 
group, the state of buSY H (not shown) is checi<ed ana a new wAlj 
state Will bg initiated whiCh del®vs the eg inning of the ne^t 
l/U operation. Any other microinstruction will execute immedi- 
ately. 

Micro cycle 6 Next Microinstruction 

Since 5RPLY L was negated bV the interrupting device during Mi- 
crocycle 7, the Rtf’LY h/F is clocKed to the reset state at the 
beginnind oi' PHI/ '*'hiCh canoeis BUSY H (not shoWn)« ^ WAIT state 
which mgy have beeninitiated during Microcycle 7 will be“termi- 
nateOatthePHSCheOk. ofbUSYH, 

To assure minimyrr possible delay in the execution of the inter* 
rupt Qpereti^P, 1 1 1 us’t r at ed he re , BRPLY u must g <5 passive at the 
processor in time to reset the RLPl^Y F/F at the beginning of fii- 
crccvcle Otherwise the nextopport unity to reset the REPLY 
F/FG^il1 no^ Occur u'^ti^ t*^® beginning of micpocycle 9; and a 
possible wait state initiated auring MiCrocycle 7 will continue 
at least i nto m 1 c pOc yc 1 e 9, 
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5#b«I IrteppuPt t-’cepatlcn '"h'cpoPpogpanfning Syppiapy 

The inteppupt opepatlon, as implemented fcy the Read Ac<nowledae»input 
miCPoinstructi. op> sequence, allo'^s fpp vapioble delays ip adclpessed 
device response to both the asseption and negation of UIACk H, BUIm- 
L also tastes papt in the inteppupt operation. The timing relation* 
ships bet*^eer biACK hi ano BOin L is established by the system 

bus' interface logic, The return of BKPLY L <^nd tne device vector is 
under control of B-IACk h# not bDI^4 as is normally the case# 

Because n must be asserted before the INT aCK h/h can be set,' the 

Write Acknowledge m i c po i n s t rue 1 1 on ooes not assept BjACk'n# 

To summarize, the delay in the execution of a microprogram containing 
an interrupt operation may be minimized it! 

1* The micPOinstPUetion Immediately preceding the Read Acknowl- 
edge microinstruction does not cause KbPLY d or BUSY H to be 
asserted, 

2, I he irterrupting device pesponos to the assertion of BXACK H 
in mini mum time, 

5, The IntehPuPting aevice responds to t*^e negation of BIACK H 
inminimumtime. 

The microprogram immediately followiPg the Input michoin* 
struction does not check BUSY H or RbHUY H, 

As an alternative to 2 above# unavoidable delays may be utilized by 
inserting data manipuiation mi c poi nst rue t i bds , however# due to the 
lapggiv unpPe^iCtr3big nature of t^e interrupt oPehation# it is not 
oected that the freedom to perform data m an i pu I a t i on be t ween execution 
of the Kead Acknowledge and jnput mi c ro 1 n s t rue t i ons would be of any 
general use. 
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6*1 ijt E H A U 

The Kijvn*>AA L5i«.ll i^riteabJe Control Store, is contained on a single 
BsS^.Uf inch DfinTed circuit board. The wCS nodule C"^ 8 k 3 l 8 ) Contains 

the circuitry to support user n i c r o p r o g r a m n i n g with the l 5 i ® H CPU, 

t j n 0 e r n o r m a I circumstances the user need not 0 e c o n c e r n e d with the 
hardware details of hCS nodule structure and Operation, T he ml cpro- 
gram trace' facility is maoe available as a software tool under MODI, 

Ihe h'C6 nodule Interfaces to the LSi«ll machine et two points^ the 
system bus ^nd the microinstruction bus* fhis configuration is 
^ j ] ust r 3ted i n h j gure 6* 1 , 
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6,2 The /('rltcdt'le Control Store Memory 

The me'-norv coirponent of t^e Hn’teable Control ^tore module consists of 
2a’*Di't memory woras. This memory is in piemen ted oy high speed 
static s e i c 0 n d u c 1 0 r m. e m o r y d e v/ i c e s , Since the m e ir. o r y is static# no 
refreshing is reauireo, but the the se.n icon doctor memory is volatile# 
so the control store must be reloadea after each power up. 


6,2,1 Control 5 tore Microword Organization 

All 2a bits of the mlcroword are stored Identically, The microword 
Organization is deter 'tMned bv the functiooing of individual bit fields 
and by the access timing relative to the m i c r o’''ac h i ne cycle (mierocy'" 
C]eT» * s Shown in h 1 gur#, 6,2# t he 24 bit wCS m i c rowohd i s composed' qt 
the standard 2 2 ^ b i t microinstruction# 1 < 2 1 : b > # ' a n d 2 additional bits# 
HX<c3?22># ^hiCh function es e-^ tended TTL contrpi bits. 


6 s 2 » 1 « i b t a n c a r d . 2 2 * b i t M i c r o w o r d M I < 2 I s 0 > * ] h e . •V C S memory p r 0 v 1 d e s 
St crape for the standard 22’-"b1t microwords. This microword is com« 
o 0 s e d of U functionally distinct a n d independent fields# as i ] ] u s t r a t ’*• 
e d in p 1 g y r e 6,2, The three 1 0 w e r f 1 e 1 a s # m x < 1 V > # M x < 1 6 > # M x 1 5 i B > 
are delivered tp the m i c rpp r e s s p r for execution durinQ the m^dro* 
fetch o p e r a t i o n , The upper field# m x < 2 I S i 8 > is e 1 s 0 a c c e s s e d d g r i n g a 
microf^tch, but is delivered directly to the processor module, ■ These 
^ o 1 t s a f* e a a e 0 d e d by the S p e c i a 1' q 0 n t r 0 1 junction x. 0 g i c on the t ^ I ” ^ 1 
CPU and provide TTL ComOatibje Control signals which are synchronized 
with tf^e vertical microinstruction. 

Regarding the standard 22»bit micro word# the writeable control store 
memOf^y 1 - fynctlonaily identical t® the fv;ICKQfj|6 , 
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b«,c*s,J«2 Extend TIL Control Bits "* wcd memory provides 
sto^'c’de for tw’o v^adition'Fi] Control bits, called tt>e Extended TTt Con"* 
trol bits? th>Jt are not 'found in an lS i-U mjCHum, Both' bits? 
f'! I < E 3 J E B , appear at the w C S module f i n c e r s for user access via b a c k « 
plane connection. The highest bit? Hi<E3>, I 5 usod oy' the m 1 crOad» 
dress trace circuitry on the aC5 module. These extended tTL control 
bits provide the user with additional control which is sv nc h ^on i zed 
withthemicromachineoperationsi 


6,2»2 writeafcle control btore Page Organization 

The 10 24 'Write able Control Store micro words ars organized as two Bl2 
m 1 c r o w o r d pages* ^ h e page Organization p r 0 v i e 3 flexibility in c 0 n « 
t r 0 i addressing 33 -well as a control s 1 0 r e a i e 9 n o s t i c c a p a b i ) 1 t y » The 
page o r g a n i z a t i o n is i 1 Uj s t r a t e d i n ' F- i g y r e 5 , 3 • 
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Page 


0 ^ 0 

V 1 

Control Store M i c r 0 a o d r e 3 s 1 n g 

H 0 a e 5 

The 

w C S module 

contains 

8 UIH 

s i t c 

has which 0 e t e r m i n 

e the re 1 at i ons^ i p 

of the 

w C 3 

memory to 

the 

Lhl^ 

11 mi 

cro machine control 

■Store 

m 1 c r 0 a d d r e s s 

space. 

There are 

four 

ad 

0 r s 3 s 

mi 0 d e s which are 

0 f gene r a 1 us 

e and 

the switch 

positions 

for 

each 

m 0 d e 

are illustrated below J 








S'wi 

SW2 SV'3 SWil 

3 w 5 

SW6 

S w 7 

swe 



MODE 

I 

ON 

OhF OFF ON 

OFF 

ON 

OFF 




M U D t 


OFF 

CN OFF ON 

OFF 

OFF 

OiN~ 

«« 



MUDE 

i 

OFF 

C'hF ON ON 

OFF 

ON 

qff 




mode 

a 

UN 

OFF OFF OFF 

ON 

ON 

off 

•m 



The 

address m 

c { j e s are explained 

as f 0 1 

lows; 





HOPE 

1 

The 

weS memory responds to m 

i c r 0 8 a d r ^ s s e s 2 0 0 0 » 

37 77 

(octal). 


This is the normal mode because iilChuMS 0 and i 
E 3 I H emulation and console g D T microcode and' 
mi c poaddres.ses U0'40- 177 7 (octal). 


cont a i n the 
respond to 


MUDt. 2 


This is 
r e s p 0 n d 
r a n q 6 , 

U i t 1 me t 


microword Pages 
i 0 0 b 3 7 7 7 (octal)’ 


the Paging mode in which both 5l<^ 
to control store addresses inthe 
The page from WhiCh the contrq] store microWord fs 
1 y accessed is d e t e r m i r e d by the w q 3 p a g e logic# 
This logic is initialised by asserting the reset bit in the 
controi/status register# CSR<1^5>, gnce reset# all mi croad“* 
dresses point to 0 C 3 page 0, The web pages are swapped when 
the the page control h/p is 1 099 1 eel by p V ac i ng a 07 Coct^al) 
c 0 d e i n M | 1 ; 1 b> , The pages are swa p p e d immediately after 
the microlnstTyction containing 07 is accessed 

i n control store and s u b s a u o u e n t 
ar® be accessed' from RA(;;E 1, 

M i < 0 1 ; 1 6 > ' t Q g q 1 e s the pace c 0 n t r o 
a h e a 9 a 1 h f e t c n e a fro m PAGE 0 , 


Coritrol store micro words 
A s e c 0 n d o c c u r n c e of 0 7 
F / F back, and m i c r 0 w 0 r d s 


MODE 3 


MODE g 


The W CO memory responds to micro ad dressers 2 0 O 0 3 7 7 7 (octal)# 
T h i s is similar to mode % except that w c S memory p a g e s are 
pb r't' dhen 1 1 y swapped, 3# therefore^ pr-ovloes the diag"*’ 
nostic capability of executing a given microprogram out 'of 

di f f erent ’ physi cal memory locations# 

The wes memory responds to m i c roaddresses 0000a»l 777 (octal). 
This mope wOglo not normally be used because MTCRyf.^3 0 and i 
rasbonatothissamsregion, 


In all 
L5I-1 i 
i 1 1 u 3 1 r a t e s 

r e s P o n d 1 n 9 


of the modes described above# the hC3 memory is loaded from the 
system bus via wcs ram addresses 0y00«l?77 (octal). Figure 6, a 

eddhe^SeS and ^he 
Mote that page 


t n e r o ] a t i 0 n 3 h i P d e T w 0 ^ n the h C 3 HAM 

A' 1 c r 0 a d d r e 3 s e s for each of the four modes# 


0 is always accessed via t r e system bus in t r e w C S RAM address range 
0 0 0 0 « 0 7 77 (octal) and similarly that Page I is always accessed in the 
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A 

w w C S RAM a d Q r e 3 s a n g e 1 y L ^ 1 7 7 7 (octal) ran g e • 



O 





W 





w 
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MUDt 1 


MODt 2 


MUDfc.3 


MUDta 


C S PA H 


NiB< 2 '<?r 3 i'W ^7 7 7 > 


,57 77> 
CXNlTiAt. HAbI:) 

Ri o<2330’»^7 77> 


1 B < S(j '/j V) 0 ■• 0 7 7 7^ 


W L S ram 
< i 0 0 0 « .1 7 7 7 > 

MiB<30O0-'3/7 7> 

MiB<3'000» 3777> 
( 1 UGG 0b 0 f’ A Gt ) 

Mib<3000'"5777> 
MlB< 1 000« 1 777> 


BBS RAM agOhEoS MICkOINSTRUCTIGN AOOKbSa 


F X G U K b b « 4 


5l*n CUnTKOL, oTURi; 


, 3 w R I T t A i;i i. t t C N T H 0 L -3 r UR fc. >1 M OR V A C C fc S S 

The .Terrory contcHned on the wCS module mey be i^ccesseo in two ways! 
( 1 ) by the n-:i c rorocessoh chip set via the ^ i e r c ’ nS t rue t i on bus and 
id) by the lSx*' 11 processor via the LSl-ll system ous (using normal 
P D P » i I i n 3 1 r V.J c t i o n 3 ) , ' ' ' ' 


6 « 3 1 ' M c r 0 i n s t r u c t 1 0 n Bus Access 


Figures 6*5 
tion which 
c r 0 p r b Q r a m 
appears a e 
w I r i n g (-} e t a 
3 h 0 V-) s the 
t e r c 0 n n e c t i 
d u 1 s also 
phases# P h ^ 
t a i n e d with 


■*1 and 6,5*2 1 1 1 u s t p 
contains both writ 
storage, 1 n e first 

a r 1 1 i e r i n C h a d t e r i 
il ) , The s e c 0 n d ' h a ] 
interconnections to 
on s at both the n a c h 

requirefs connect io 
H and P .H 4 H The w 
in the- micro instruci 


ate the LSI*H -"^icro machine conflgura** 
eoble Control Store and njCkUPs for miw 
held of the Illustration# Figyre 
as M'gure 3,3 ( m i c r onac n 1 ne I n t e r«C h i p 
f e f the i 1 1 u s t r a t i 0 n # Figure o • 5 ■* 2 # 
t n e w C 3 n 0 a u 1 e , In addition to bus in** 
ine and micron.achine level# the wCS mo** 
ns to d of the or o cess or module cloc!< 
iring for these two connections iscon* 
ton bus interconnect cable.* 


‘ Control Store memory access by the microinstryotion bus is 
There are no rn ic ro i nst rue t i ens which alter control store 
t h e m i c r 0 i n s t r u c t i 0 n b u s » 



9 
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WCS HiCRUI'iSTRUCr lUN 6UvS A-Hf) SYSTE^^ HUS INtEPCUNnECTION 


FIGURE 6 , 5 " I 


r H t L 1 1 I T t A B L t. CO iN T K Q i, '6 T UR h; 


PAOE 6-U 


wcs f’lCRUIMS IRUCr lUN BUS AND SYSTEM BUS I N T E« C UNNEC T I ON 


FIGURE 6,5«2 
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The ^ur'ction of etjch of the 2-^ signal paths in the microinstruction 
bus 1 n t e r c 0 n n e c t c a o I o is listed in Figure b , 6 * 1 B < 1 0 J b b > carries 

the m 1 c r 0 a 0 0 r e 3 s / D h < 1 b' t 0 0 > ,- to the h C S during the control store ad** 
dressing phase of themicrocycle. The WCB then responds,ouring the 
control store access phase, by asserting the microinstruction word on 
MXn<2i;0>t f'^cte that the linaS ar^ ' t ^ ne“mu 1 t i p | e^'ed foh ab" 

dress arc oata inf at ion, tor a i cycle microinstruction, during 
the first 'frHCrccycie, a Control store disabie function CCSDJ iS per* 
formed with ih j e ^ I B > , j f f ’ j g < l o > is asserted by the c 0 n t r 0 1 c h 1 p d u r • 
i n g r* 3 , n C B r e s p 0 n s e d u r i n q t h o n ^ t i c r 0 c y c I e , s d i s a b | e d , Ire hi- 
ghest i bits of the Wf^;5 micro word# the Extended TTt control bits# do 
Hot aooear 1n Figure 6»o since they are not usod by the LSI'-n Mo- 

dule and consequently ere not carried by the miB Interconnection 
cable# 
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HAbfc 6"*14 


signal 

ADORtSo CYCLE 

ALCEvBS CYCLE 

«B Clfe ^ W 



M 1 b < kU > 

m 4 i) R < 1 > 

fi 1 < 0 1 > 

M 1 0 < 0 

N' A i) R <! y B ^ 

M X < 0 2 > 

m 1 B < i5 5 > 

rl 4 p H; < p 3 > 

M i < 0 3 > 

M X B < b g 

M A p R < iH 

m i < 0 4 > 

M I B < 0 B > 

y A D R < 0 B > 

M X <05> 

H 1 B < 0 0 > 

mAr}R<i^j6> 

M i < 0 6 > 

M I B < b / > 

A p H < V) 7 > 

M X < 0 7 > 

MXB<UB 

m A p R < y a 

M X < 0 B > 

H1B<09> 

Ai A 0 fl < 6 9 > 

f i X < 0 <? > 

M 1 B < 1 y > 

M A i) R < 1 U > 

MX<10> 

H X b < U > 


Mi< 1 1> 

M 1 B < 1 ^ > 


f-U < 1 2 > 

-iXB< 1 3> 


hi < 1 3> 

MX3< 1 4>- 


M X < i 4 > 

M 1 H < 1 b > 


Mi<15> 

M I B < 1 0 > 

C $ U < 1 6 > 

M i < 1 b > 

Mxa<i7> 


M X < 1 7 > 

M X B < 1 6 > 


H X < 1 8 > 

M1B<19> 


Mi< 1 9> 

M'X B<2U> 


M 1 < 2 0 > 

MX8<21> 


'Mi'<21> 


PH2 
PM a 


wc;s tihiing wcs timing 


MICMUINgTHUCTXON MU5 ACCESS FUNCTIONS 


FIGURE 6 » 6 


653,1,1 Control Store Access TiminQ » The control store access tlnilng 
relevant to the wC5 ^oagle 1s the same as the RICRUM access timing. 
This tirMnq appearea earlier as higure 3,17 (r-lCROM "ACCESS hICHqXn* 
S T R u C T 1 U fi c3 U S CYCLE) and’ i s repeated here a s ' F i g u r e 6,7,' As n o t e d ’ i n 
the figure* the R-'^CS ' modul e ciaes not pe rf 0 pm pr^chringi nq ’ 0 f any micrO"' 
instruction bus lines. This function is provicied'by every hlCROM con» 
nected to the m i c ro 1 n s t r uc 1 1 on bus? it is Important also to note that 
active [fC Cont’roi bits^ \' 6 > » re, r,aips asserted (active ipw) fhom 
t h e ■ b e g i n n 1 n 9 of R h 1 through the end of P h 3 whereas t h e 1 o w e r bits of 
thO Control stpne> MI<17SU0> reniaip asserted durin9 FMl onlVt 

During the tipst micrOcycle of a two microcycle operation, Hlb<l6> is 
asserted by the control chip to disable the control store response 
during the t 0 11 c w i ng m i c rOC yc 1 e , The relevant t i m i ng appea red earlier 

as ' Figure 3«lh ('’'dcroi-n Access hi c rpi nSt ruct i on bus Lycie (DlsaOted)) 
and is repeated here as plggre 0,8, A9<3in, the wqS “module performs 
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& exactly as QO t!*ie iCHUflS# wlt-'i the exception that only the MICRON 5 
D r e c h a r Q e t e I'’ i 8 , 
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CONTkOU STURt ACOtbS h I CK 0 I Nb TRUC T X BUS OYCLfc. 


FIGURh 6,7 

Notes The filK procharge function is only provided by MicROM control 
s t 0 he , 




iiiUiUlte 



the; LSUll UQN'TKaL bTURt 
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txtendea T 1 L Control Bit Timinq ^ The tinging dlcigranns 11 1 us" 
tratea In Figure 6,7 and 6,B also show tne relevant to the ex» 
tended TTL control bits d j, <c^i » , TFiere ore two operational charge*- 
t eristics which differentiate extended frorr^ standard control bittim* 
log? 


1 


Both extended TTL control bits ahe latched for an entire mi 
cro cycle# from the beginning of BHl to the end of PH 4, 
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cl 9 oinc^5 t^e extended TTL control bits are not output to tl^e mi- 
cro inst**uctlon bus, they are not affected by control store 
d i s a b 1 1 n Q , C o n s e a u e n t I y » t n e y appear at the system backplane 
during the miorocycle ii^'meaiately following the transmitted 
.Ti 1 e r 0 a o d r e 3 s w h e t h e r or not the C 6 module was e n a b 1 e d , 

|he consequence of cn above, is that an output signal can be produced 
thot IS maintained for mu]tiPie r, icrocycies, hor example, this would 
be 6 c h i e V e d ' b y assembling a i into s u c c e s s i y e 1 v " executing M I < ^ 3 > or 
MK.d3> locations. The conseQuence of C2) ab^-'ve is that the extended 
TIL control 't> its nay be asserted one microcvclei before a microin- 
struction that has or Set tc Q "l”. This occurs When a 

2 cycle m 1 c r 0 1 ns t r uc t 1 on immediately precedes Cin RaM) the micro- 
instruction that has cr set to a ”i** t whether or not 

that m 1 c r d i n ji t r u c t i 0 n is executed) since d u r i n 9 the second Cor dis" 
abied) cycle the hCS still accesSes the ne><t SeCUentiai microinstruc- 
tion, ' 


6,3.2 LST-ll 6vstem Bus Access 

The Writeable Control Store RAM memory access by the LSi-il system bus 
is Ke3d/^‘< p.i t e* The nC-^ module system bus interface logic supports- 
on l y p r 0 g r a m rr 8 d t / q data t r a n s f e r s via the system bus i n t e r t a c e r e g i s - 
ters» The con f i pat i on and Ope r a t i on of t^ese interface r^^isteps 
are d i s c u s s e d . i o section 6 , 5 » 


6, a THfc MICRUAPDRE6S IkACL RACiUTY 

The w r i t e a b 1 e control store option has a 1 6 - w o r d m i c r o a d d r e s s trace 
facility which is an aid to microprogram debugging, The trace 
hardware is normally controlled by the Operator under 


6,^,1 M i c r b a d d r e s s Trace 6 u f f e U p e r a t i Q n 

The hardware- portion of the microaddress trace facility consists of a 
Ib^-wOrO rec 1 rc u 1 a 1 1 ng buffer which 1$ continuously loaded with the 
last fTi ,• c roodd r gS s ' as Sg rt jgd on ^he m i c rc i nsf ''bc t i on bus by tp,e micro- 
processor (^;ontrol Chip, The buffer therefore contains the last 16 mi- 
cro ad dresses P reseated t^e Control stpre (either the WCS ph HiCROM 

i n c 1 u d i n o the disabled cycle of a 2 cvcle mic -''0 Instruction), when it 
is desired t© freeze a micrQaddress trace for examination, the oDera•* 
t o r # via mu id T f s e t s m i < c 3 > Cone of the extended 1 T u bits) of the mi® 
c rdwo rd that Is to be the L A 6 t ml c roi nst rue t i on in trace buffer, when 
this microinstruction is fetched by the microorocessor Control chip, 
the w c 5 h a r vv a r e i n h i b i t s t n e m 1 c r o a d d r e s s trace buffer c 1 o c < , Once 
the clock i 3 inhibited# the trace Duffer contents r e m a 1 n unchanged. 
The operator may tr^n access the buffer to read th® traced rn, icroacj- 
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dresses in the order o> t-*^e actual execution, (See Section 6,5,3)t 


Id^e trace buffer 
o r i e s a d a r e s s e d 


is irn pie rented witl^ three lox-^'^bit ranao'’^ access mem- 
by a 4 «■ h i t counters The c o g t e r i s n 0 r m a 1 1 y clocked 


c 0 n 1 1 n u 0 u s I y # thus p r o v i a i n d a 
qua nee (module 16) to the 
trace has been halted, each pf 
cessed (i?ee vSection 6 , 6 , 3,1), 


recireuiatind# incr&asipq address se- 
buffer memories* Wnen tne microprogram 
the storeo m i c roadoresses can be ac» 


The for at of a trace buffer word is shown in figure 6 , 9 , 


w 


wCb t.NAbLE BIT 

In addition to Providing a headout of the 16 micho addresses on 

the bid# the trace buffer also i n a i c a t e s w h e t e r the w C 3 responded to 
the micrcadchess. The buffer stores an e^tra o-jt (bit <n>)? 'the ^CS 
Enable Bit# along with each m 1 c r o a d d r e s s » 1 h i s bit is cleared to B 

when the w c 5 was a i s a b ) e d during the r. i c r c t e t c h a r, d set to 1 w h e n the 
W c S was enabled. This is t.j s e f u 1 i n d e t e r m i r, i n g m i c r 0 p r o g r a m execution 
delays incurred during data access (system bus ' I/O) pperat 1 ods. 




■ . . . . h' 
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MIC.sB-’AOURtSa TRACE BUf-PER hURQ POR;*Ur 


W 



figure 6,9 
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TRe vs'CS interface to the LSI«U bus Is siniHar to that of other I/U 
devices which s u p o o r t only R r o g r a rn rr, e a I / y t r a o 3 a c t i o n r , The device 
d 0 r 0 s s f 0 r 'T: a t is a modification of the general format presented e a r » 
Her in section 5,2,3, 1 , The primary features of the RCS inteface re** 
gisters are thet there is a single control/status register and that 
two other registers are rep 'J iron to provide the 5R«bit accesspath for 
the C 3 m i c r 0 0 r d , In a d a i t i o n ^ one register is multiplexed to pro*" 
vide access to the microaddress trace buffer* aH interface re” 

Qistor formats are illustrated in Figure 6 , 10 , The register addresses 
on the system bus ape 17754 0# l775 4 5 3na 177544,’ 
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WCS I-iTfcRhAGE REGiSlEP BIT A S 3 G^R'^*&NT S 
MGUnE 6.10 



THc 15 1*11 wKlThABlfc. 


RA(i£ 6*2^ 


6,5a I ^C5 control/ Status Register 

]’he specific functions of the v/CS control/status register are expla-* 
i n e o s c c 0 r o i n g to the r e 1 a t e d b i t f i e ] a s a 

C 5 R < g j It > R e a d / r i t e 


R h e n C 5 R < 1 2 > is a ” 0 ” C w C '5 fr o a u 1 e is not enabled) this field is 
the r/*oit wcs RAM address and is Read/virite (CbR is the 

1 0 • 0 r d e r bit and C S R < 9 > is t h e h i g h * o ^ d e h bit). 


■>Nhen C5R<12> is a "1" module is enabled)# this field is-Read 

only and contains the last micro a across prior to the actual bus 
cycle of the PbP*ll instruction that is used to access the ' con* 
trol/status register. Normal usage of this field is the former 
case, 

C 0 R < 1 1 ? 1 V- > R e a o 0 n 1 y 

These cits are unused and always read as 


C 5 R < 1 2 > ■ R e a d / r 1 1 .e 

This' bit functions as the writeable Control store Enable, After 
it iss^t to ”0”# the RCS module makes no resoonse to the micro- 
Instruction bus# and the hC 5 RAM can then pe‘ accessed by the 
U5|;«ir DU3. /<hen it Is set to a ”i”# the rC5 module responds to 
micnoadcir esses in its switch ^-selected rande/and theh'CS RAM can* 
not be altered by the lSx"’!! bus* 

CSR<i:5>Reaa / write 


Ihis bii^ functions as the bxamine Toggle tor the trace buffer ana 
is toggled to examine sequential trace words. Its use is further 
explained in Sec Mon b, 5? i,l. ' 


C S R < 1 4 > R e a d / 1 t e 


[his bit functions as the trace mode Examine, It should be set 
to 0 for normal controistore operation, when it is set to 1# 
the interface register located at 17 7542 read tp access 

the trace' word# as shown in p i gu re ' b , 1 • Note that the trace 
wgra appeaf'3 as head OnlY 1 n f g r?r.at i on C see ' see t i on 6,5,3«l)» 


C S R < 1 5 > R 6 a d / h r 1 t e 

ihis bit f u n c t i 0 n s as the w C 5 Reset, when set to a ” 1 ” , the c o n « 
troi store m^fnory Paging logic is re Set to PAGE 0 aod the fhace 
Buffer a d r e 3 s is s e t t Q a ” t) , subsequently clearing this bit 
to a enaPies the DOging logic and tr.e CgUnter that supplies 

t h e t r a c e h u f f e r a d d r 0 s 3 , ■ . ’ ’ ' ' 
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6,5«2 rU?f^ory Access Registers 


When cS.R<12> is a 'H;.”, the ^r-odule is not enabled to respond to the 

M i -3 , The i-. C S o d u 1 e device r e g s t e r s ^ which function as w C S RAM data 
access registers/ ape 1 / 7 b 4 2 ana 1 77544, as s h w n in h i g u r e 6 , 1 0 , The 
lower 1 h bits of the m c r o w o r d , M I < 1 5 s > , are accessed via location 
i 7 7 b 4 R , f >, e higher d b i t s / f I < 2 b J 1 6 > a h e accessed via location 
177544, Note that oits <15"6> of location 1/7544 are unused and are 
read a s ” 4 ” , The a dd r e s s of the w C 5 RAM m i c r o w o r a accessed y ^ 3 these 
registers isdeterfninedbyCv5R‘^'^’0>, 


00 th wC3 '■ner'.pry access registers support Re^d/write Access only >'hen 
the RcS is oi sab led CcbK<12> = 0), The Wpite mode/ i mp 1 efr-ent ed by a 

D A T d 0 P e r d t i 0 n , a 1 o w s t- c S ~ r* e m o r y to be loaded. The Read node/ imple" 

men tea by a o aeration allows the WCS rnemOpy contents to be exam* 

ined, because of the 2 4 pit length a single micro word must be either 
w r 1 1 1 e n c r re a a a s t kdJ 0 p e r a 1 1 0 n 3 « 

when the modgle is enabled (C5R<i2>sl)/ both WCS register 177^42 

and 17/544 ape K L A U only? and the data which is read i 1 1 d e p e n d o n 

the type instruction (or console QDT) that is usea to’access the re-» 
gisters- |his duotb the fact that# when enabled, the wC3 module is 
being addressed only oy the HiB, ana the microaddress present on the 
M I B a e t e r m i n e s the H A m location that 1 s a c c e $ s e d , 

Proper oisaollng of the wc$ module in preparation for system bus ac«* 
cessOperatlonsprOceedsasfollowsJ 

5TbP j PlSABLfc «^CSj 

(177540) <« 000000 

STfcP 2 wRiTfc L)£3lh’E0 ApPRbSS (WiTH CSR<1S>~01 INJO THE CSK 

apDhEsS RcGisTbR 

■ (CSk<R50>5? ■■( 1 77540) 000777 


Following st^p 2 , reag or writg operations nay b^ Pe^torrrga at LSX*11 
locations 177542 and 1/7544 to access both parts of the stored micro* 
w 0 r o , 


6»5.3 iMiCroed dress Trace Register 

When bit <14> of the con t ro 1 / s t a t us register Is set to 1# location 
177542 longer functions as a memory access register/ but as a trace 
buffer access register# a$ shown in Figyp'e 6,10, The specifications 
of this reQister are explained according to the related bitfields* 

M I H < U) ? 0 > 

This bit field contains an ll*bit microadOress MfF< 00 > being the 
1 0 w » 0 r o e r ,yi i c r q a d d r e s s bit and M TR< 1 0 > be i nQ the high ©rder in i * 
cro address bit, Thevalue read from mTR<10|00> Is the value that 
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aPPtjarea on the nicrolnstf'uctlooi bus while the niic'^oorogram was 
b e i n 9 t r a c e d , 

R < 11 > 

This bit is tne value of the wCS Enable B^t which is stored in 
the trace buffer a1onQ with each m i c r oado re s s , A value of 0 in" 
d i c 3 1 e s that n c B response was disabled for the n i c r o c y c 1 e , 

Thjs bit field contains the 4 ’•bit Cnoau]o 16) address of the 
trace bvjfter frprnory. The counter value 1s bade available In the 
trace word to aid in dyniping the buffer contents in' the prOpep 
0 r d e r 0 f 0 c c u r r e n c e p 


6 5 9 3 # 1 M i c r 0 a d d r e s s 1 race Buffer Pump Algorithm « Proper operation 
of the microedaress trace buffer hardware requires the following 
steps; 


l. The trace buffer is initialised by assorting CSR<15>, 

2e The !<ast microinstruction to be traced contains a value of I 
i n ■ 

After the trace buffer is initialized? the tracebutfer is continually 
updated to contain th© 16 most recent microaddresses placed on the 
c f 0 i n 3 t ruc t ^ on byg by the m i c rop rOc eggo r Control chip. The byffep 
contents s^re frozen when the microinstruction containing MI<23>sl is 

accegsed^ i he buffer contents '^av be subsequently dgmped ' by placing 

the wC3 ir?oOu ] e i n n® Trace mode a^o then subsequently access 1 n9 

the trace buffer contents. The algorithm used is i Must rat e-d in pi 9*^ 
ure 6,11, that the buffer m^mohv address must be ‘saved before 

the to g 9 Ie/m1c read dr ess store loop is entered to provide a reference 
fpr anV subsequent tests, A]So note th^t ©very eSH write oP®nation 
must contain a 1 in nit < I ^ > t o m a i n t a i m the Trace ' x a m i n e t. n a b 1 e , 

The fir.ai 2 events in the f|ow chart reset'the Page LoSM'c and the 

Trace Buffen re-enable the memory response. 
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^'ICPUAQDRfbS THACfc BuFPEK OU^.P ALGORITHM 


FIGURE 6,11 


ttHiilteiiw 


k 



ifp* 




The l^I 
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6,6 wRiTtibtfc. cOMHOL 6TURt MOdUUL CiRCUlT ()tv6gR iP T I UN 

The basic function a) blocks of the snCS noaule <3 re illustrated in Fl9* 
ure 0 , 12 , fhig circuit description is intenoed to aid understanding 
of the schematic diagrams supplied with the w C 6 module, 


^ 6, 6elC1cc'< Generation 

The cloci< oene ration circuit receives as Input i of the ^ TTU nicrocy- 
cle cloc< phases (ph2 h, and ph^ H) fron the U 5 l*ll processor nodule, 
T h e ~ e c 1 o c 'M g n a 1 ® a h e connected to the ^ 6 n o ci u i e via the nichoin- 
str'jciton bus interconnect caole, Note that only processor nodules of 
etch revision f CCS Rev i ) or later have the necessary clocS<> siQoals 
0 a V 3 1 1 a b 1 e at the e n p t y M X C R u h Socket, (normally used for the 

KtV-lioption), 

® The clock generation circuit then d e r 1 v e a a d i 1 1 o n a 1 R separate signals 

from its inputs# namelv# Rdi h anci PM 23 H, PH«^3 H is high continuous* 

^ ly during rr. ic recycle phases 2 and 3 ana is useo to enable the standard 

^ TTc contr^l ^its* R d 1 n enables the Output of 
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'•<cs hqdule Functional blqc^ diagram 
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bf,t-»c control 5 1 o r e M o m o r y and h 1 c r o a o o r e s s Multiplexer 

THe control store menory i ^3 Inplemented with 2'R ranaom access memory 
i n 1 o r 3 1 e d circuits each h a v i n f.3 a 1 - b i t by 1024 0 r o a n i z a t i 0 h , The 
Control s t 0 e pane 0 r Q a n i ^ 3 1 i o n is e s t a d 1 i s h e d o y the p 1 c r 0 a d d r e s 3 
multiplexer in c 0 n j li n c t i 0 n with the paging 1 0 eg i c » Note that the mi* 
c ro 1 nst rue t 1 on bus inPUt to the r^. i c roadd re s s muitioiexer is U bits 
wide and the multiplexer output is I0 bits wide 


6 , 6 # 3 L S I 1 T system bus 1 n t e r f a c e 

The system bus inteface is implemented v<ith integrated bus tran*» 
s c e 1 V e r s ( 0 C vi v? b ) end a o r 0 1 0 c 0 i logic circuit C 0 C 0 0 4 3 , The read p o r " 
tion of the 4 possible register formats is determined by the read back 
multiplexer?* Ihe extended ii^L control bits 3pe available on ti^® WC5 
m 0 d 1 e rear fingers at locations which are n 0 r m a 1 I y Spare, Note that 
bus ad tir®ss 1/7546 is blocked (since this Is the address assigned to 
t n e h ^ 1 1 0 F ' t i 0 n 3 , 


6,6,4 Hicroi nst ruct i on 8us Inter face • 

The m i c ro 1 n s t r uc 1 1 on bus interface Is implemented with special inted”* 
rated circuits which i n t e r f a c e the N q $ 1 0 d i c levels to f h e T T L levels 
on the h'CS mpoyio, only 12 receivers are implemented Chj!B< 10 I 0 > and 

and since 2 2 bits O'? the stored micro word a rereturned via 

the mi c pO 1 ns t ruc t i bus# drivers <* r® implemented* I he phases r* 

i which the Cyr.trQi st^pe ^utput is asvsert®d are aeteppiped by the 

otitput enable circuitry* Qontrol'store output is enabled only wheni 

1 , An a p p r 0 p r i a t e m i c r 0 a d d r e s s has b e e n r e c e i v e 0 , 

2 , The 2 C 6 module is enabled ( C S R < 1 2 > s 1 3 , 

5* And when the control store disable bit (Mln<16>) was not as*" 
serted by t.n® tonthol chip on ^h® previous cycie (Pti3), 


6 , 6 , S r-i i c r 0 a sd d r e s s Trace Buffer and Counter 

The mi c *“ 03 ddhess trace facility is imolementea bV tmee 4x16 bit ran** 
d 0 m access memories, one u * b i t counter which address the memories# and 
a s s o V i a t ^ ^,1 c 1 0 a r ^ n g and c ! 0 R < i 'O g 1 0 g i o , A s s 0 r i 0 n of C 5 R < 1 5 > ^ I e ® h s 

the counterand restores the cloc< input (Ph 23 to the counter# The 16 
f^,i c pQ^dd ress buffer ipcatlgj^ produced by t h i s c f i gu r a t i gg are ij^aded 
from the output of the mi c roacidress multiplexer# m a q R < 9 j > pit < 1 1 > is 
directly fi*om ''U3<ii>j, in this way the stored jd 1 c roedd ress re* 
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fleets control store address placeci on t^e “''•lb Dv the oicroproces”* 
sor Control Ch1^*'» The Duffer c (intents are examined from the system 
bus interface via the read back multiplexer* 


6.7 wiUTEAbLh CGNTHuL oTURE MAkD^AKE SPEC 1 1 I C A 1 I UN3 

The Items cootaioed io this section provide a ouici<^ reference for mo*» 
d u 1 e hardware details. 


6.7,1 Dimensions 

The K u V n A A L 5 i 1 1 i r 1 t e a b 1 e Control Store option consists of ( 1 ) a 
standard c?uad heicht# 6,b by ID inch“»mglti]ayOr printed circuit board 
(MSkUP) with Signal etCh on both sides and a inner layers CVCC apd 
G N Q J and C 2 T a m i c r o i n s t r u c t i o n b o s J n t e r c o n n e c t q a b 1 e , 


6 . 7 # 2 P 0 e r P e q y i r e m e n t s 

The only power supply voltaQe required by the weS module isfS volts, 
Connection to the +5 volt supply as well as grouno ,*eturn is esta* 
blished through the module f i nge r / b ac kp 1 a ne i ,n t a r c onnec t i on , The sup»» 
ply voltage tolerance is ?ld% and the current a r a wn f rom t he f 5 volt 
supply IS 3 , A t y p i c 1 C 7 , i a A worst c ^ ® e 1 • 
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6 , 7 « 3 L S 1 •" n S V s t e ^-n ii u s H 

a e i< p 1 a n e Pin Assign >1 

1 s n t 

T h a f 1 g u r e b e 1 o v*- lists the 

i S C S nodule ( H 0 u 1 J5 ) 

bac!<p1ane pin 

men t 3 J 




AE 1 

^'U<aa> (SROM ^ H) 


BHa 

BDALUa 

L 



AF 1 

• "1 1 < 2 i > C B 0 5 H J 


Bja 

8 D A L 0 5 

L 



AJ 1 

B N Q 


BKa 

B D A L 0 6 

U 



AH 1 

BNU 


di.a 

BDAL0 7 

L 



AH 

B R I) 


BHB 

8DA10 3 

L 



AAP 

tSV 


B u a 

BDALBR 

L 



Aca 

B N U 


BP a 

B D A E 1 0 

L 



AE^ 

BPOUl L 


Bpa 

BDAU 1 

L 



AF^ 



<33 a 

BDALia 

L 



ARa 

B D 1 M L 


BTa 

aDAEl.5 

L 



Asia 

dSYNB L 


3 u a 

BDAeH 

L 



AK2 

H F r B T L 


ava 

BDAElb 

L 



A m3 

BlAKi U (JUMP EKED 

lO An23 

CJl 

G R D 




AN3 

BIAKU L ■ ' 


CMl 

GND 




AP2 

BB37' L 


CTl 

. GisD 




AR2 

aOMGI L (JUPpEKED 

T 0 A 3 a } 

CAB 

+ 5V 




A32 

BDmGu L" 


cca^ 

+ BV 




AU2 

ii D A 1 B 0 ■ L 


cna 

BI.AKI 

E {.JUMPER to 

TU 

cNa) 

Ava 

BDAX.0 1 L 


Cn2 

BIAkO 

L 



BA 1 

BDCGK h 


CR2 

6DMGI 

L H'P^^Pt.RED 

TO 

CSS) 

8Jl 

gnd 


csa 

B P M B 0 

E ' 



BHl 

b N 0 


DJI 

GND" 




8Tl 

Bn|D 


DmI 

GnO 




0A2 

. f5V 


DTi 

GNO 




BE a 

B \J A E 0 a It 


DA2 

+ 5V 




BE 2 

B 0 A L U 3 L 


Dca 

GNO 





ass 1 gn« 
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%’ifj 6 , 7 * >4 T c r <5 i H s t r u c t i 0 Bus Connector Pin A 3 s 1 Q r> o e n t 




F 1 c u r e B , 1 c o n t -a 1 n s a table which lists the pin a s s i Q n .t e n t s for the 
micro instruction bus li'iterconnect cable* All unlisted numbers have no 
c o n ri e c 1 1 0 n at e 1 t r e r -e n a of the c <3 b i e a s s e r- b ] y * The pin assignments 
af'e the at octh ti^e processor module ena rind the hCS module end 

of the cable, however, because of two series Hatching registers (pins 
H ^ » B 5 1 on toe C j e n a of the cable; ( 1 n § i a e the c a o I e a s s ^ h b 1 y ) ; the 
cable plugs are f-UJT interchangeable and the processor module end car- 
ries a special designation, 'A continuity c h e c ^ of each s 1 o a 1 path 
will produce a low resistence reading (less than 1 ohm) exceot for 
pir-s B4 and BS, fhese oaths carrv the micrccycle clocic phases and 
c o n t a 1 n a U h series r e s 1 s t a n c e on each path. 
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6 9 7 p; 5 ] T t Control bit 6 g m m a r y 

T6e TTi, control bits wnic^"' 'ray De used by the ricroorograTimer to issue 
control pulses n i c h ope s v c h r o n i z e J with m i e r o n a c h i n e operation are 
stored i n t h e top 6 i; i t s t r e c o n t r o 1 store m i c r o w o r o r n i < 2 3 S 1 8 > , 
T he s t a n rJ a r d f T c Control b ^ t s ^ X< cM H 8 > directly drive the s p e c i a ] 
control function logic on the 1^1 ’-11 processor module. The bit field 
values which are not decoded by this lo'S’d nav be eniPloved by the »• 
crop rogr a nfrer / interface designer to inplenent synchrohized functions* 
The extended TIC Control bits^ are a feature of thO wCS Mo- 

dule? Figure 6,1 b listvS the oacl<plane pin assignments of all TTl” con- 
trol bits* only FM3 of the microCVC)e is available at the syster^ 

baciipiane which (viay be used to enable synchronized decoding of 

u s e r d e f i n e a control states* The following timing a e t a i 1 s should be 
recalled from sections 5.3. U1 apd 5*3. 1*2. 

1. -U<21?8> are valid from the beginning of PMl to the end. of 
P H 3 , 

2. gre valid throughout the microcycle and may oe used 
to create a signal which is asserted continuously over multi* 
p 1 s <T i c rocyc I 9s/ 

3. Only are subject to control .store disabling and 

ri X < 2 3 1 2 2 > appear r e g a r d 1 e s s of the disable signal ( H I B < 1 6 > ) , 

It Should further be recalled from section 5,5 that Ml<23> is snared 
with the microaddress trace buffer function§, however* if the trace 
feature s not utilized, ni < 2 .3 > can be used j n t h ^ same fashion ^ s 

Figure o, 1 6' cental ns . e table which lists the spec i a 1 control functions 
which are aeccded by the processor logic,. Figure 6,15 alsb 

dicetes that octal code B7 is used to swap WCS memory pages. Swapping 
is effecteo cnly when MqUE 2 control st^re memory adOr^ssi'^Q hag 'been 
selected via the wCS module option switches (Section 5,2,2), 
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PAb£ ^ 



MODULt 

)ia as» «tt tm 

S X G f'j 

AL 


OEFXNITIOU 

PIN 

» «p av 


PROttSSOR 

S K 0 M 

■J 

M 

M i < 1 ro 

DPI 


PK CJ*- &, 6 5(jR 

5^0 M 

1 

n 

M i < i 9 > 

DEI 


PR out 56 QR 

5 H 0 ri 


h 

r' i < i£ U > 

OFl 


PROCtSSUR 

S W vj 

3 

h 

i < ^ t > 

PHI 


WC5 

SROf'^ 


M 

Mi<PP> 

AEl 


rtCS 

S H 0 1'1 

b 

t'l 

MX<R3> 

AFH 


PROCESS UR 

S P H 5 

H 


PXCROC YCUU 

phase 3 

OCI 

sJSh, 









ITU 

C( 

jiNT 

RCL PIN BACKPLANE 


rlGURfc 6,15 





’§P 


'• 36 


THf Ibl’-U Wf.'iThABLt CQ'^nROL 3TURfc PAb£ 


8 X N A R y 

OCTAL 

FUNCTION 

tf9 «« W ■«» 

»«Lr «w 4P anr 


1 

1 kl 

RfcXltRVLO 

1 v) X 

1 1 

1 F C L R + 5 K U N t 

lk:i^ 


TFCLR t” 

1011 

1 3 

RFShl L 

1100 

1 H 

INlllALiZE 58 

U0 1 

lb 

pASt o'In 

i U0 

16 

PFCLR U 

1 1 1 1 

17 

hFCCRL 

0000 

0 0 

Aval 1 a 0 1 e 

0 0 0 1 

vH 

Aval 1 a 6 1 e 

0 0 i 0 

0 d 

Aval Table 

00 1 1 

0 6 

A V a i 1 a 8 T e 

0100 

ca 

Aval Table 

0 101 

0 b 

A V a i T a b T e 

y i 10 

0 o 

Aval T aOT e 


STA'iDARQ TTU CONTKPU BIT FUNCTlUNg 


PU^UKE 6*16 






CHAPr^K 7 

LSI-11 ^aLRUPHQCLoSOR SLT (PP5) 




7,1 GENEP.au 


•ViH^ 


€) 


A sPt Of halPU'-II "Macros Sas been definea to assemble LoI«ll microcode 
usinQ t.he MACH0*il as$e<nbier. This n^anuai describes to© symbolic for^ 
mat and special features contained In the macro parameter file# 

Each di «^bit wp micrOv-iorci Is assemblea into E ppP I I lo -bit words 
starting at-^bP»il word locations 1P00 (octol), Eor ample! 


P 0 A 0 U E S S i 


I 9S9 «a m S9 


P p P •" i 1 A P i:) P E S S 5 








0 

d b k;t P 
3 G b 0 


i 0U0 ,1002 

U000 , U002 
150U0 ( 15002 


'!ceS? 


7,2 bYNbULlC INSTRUCT I UN F URN AT 
The basic instruction line format isj 


labelj opcode operands, translation, state t comment 

m ' ' ' ■ • 



The label, translation, state, and comment ere optional. The format 
of the OoOrand field depends on the opcode. Since the instructions 
fan into a number of distinct f ohm. at Classes? each C]ass wiii 
dea 1 t w 1 t h a s a g royp* 

E a c h i c r 0 w o r cl 1 n the rum holds an a a cH t i c n a 1 n bits, U n e bit C L K R I 
controls loading of the return register with the incremented t,C; four 
bits specify a "state codeu for use by the chip set environment (e,g,, 
U X ^ ^ ^ 0 S interface), and one bit C R S V C ) invokes a translation), 
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© - 

0 

This st'^te t1e)a can be specified for all 1 n s t r uc t i on 3 , If omitted, 
the field \'viH be assemoled with a vaiue of The following prede* 

firmed syrbois are available fg” use in this fie)d and nay be ph'd (13 
or added (i) together as necessary# 
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^NhHUNiC QCT‘U„ VALUE MEANING 

( ti I T 3 U I 6 ) 


kSVC 

:> 

Service Translation 
(called K M 1 in w u spec) 

U R H 

! C M 1 B 1 6 ) 

i 

Load Return 

R e g i step 

3 0 

(MIH2PS 18) 

0 

State 

code 

0 

3 1 

(ni32wJ 161 

/,i 

State 

code 

1 

32 

(MIB2U j la; 

10 

State 

code 

2 

33 

lai 

H 

State 

code 

i 

5 a 

C M 1 6 2 1 1 a 3 

20 

State 

code 

a 

35 

(MiBSu; 16; 

24 

State 

code 

5 

56 

(Miuauna; 

30 

State 

code 

6 

57 

cmiB2^na; 

34 , • 

9 

State 

code 

7 

C P 

(MIB2U 

40 

LSltl 

BUS C 

0 control signal 


Fu r thermo r a kom address rray have a translation associated with If, 
While the assembler will not ’’assemble" the translation information 
into the PTA? it Uq-os allgw spec 1 f 1 c a 1 1 qO ' gf a symbolic translation 
identifier at a particular mi c rol ocat 1 on , f or documentation purposes* 

For all instructions involving registers? the following predefined 
syrnDols are aval i an I e fOf use in the register fisIdCs^, • 
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1.0 

MNEMONIC 

VALUE 


HBA 

2 

;v^ ^ 

H B A L 

2 


hbah 

i 

© 

HSKC 

4 


h S R C 1, 

4 


H S K C M 

5 


RDoT 

6 


HDpTL 

6 

mh 

HOST H 

7 

® 

R IK 

i<d 


KIKL 

,U5 


HIH.H- 

\l 


KP3W 

U 


H P p w E 

■ Xd 


K P 3 w H 

13 


3P 

.14 


■ bPl 

14 


5 P H 

15 


PC 

16 


PCI 

1 6 

® 

PCh 

17 


G 

0 


GL 

0 


GH 

1 




MEANiNU EQH a PDPil MACHINE 
bus a d Cl r e s s 

b i.,i s address lower o y t e 
bus address upper oyte 
source operand 
source operand lower byte 
source oper*^nd upper byte 
destination operand 
destination operand lower bvte 
aesti nation operand gpoer byte 
Instruction register 
instruction register lower byte 
instruction register upper byte 
progran status word 
progrsP s.tatus lower byte 
program status upper byte 
stack poi nter 

stack Pointer lower pyte 
stack pointer upper oyte 
program courter 
program co^^bter lower oyte 
program counter upper byte 
indirect through G register 
lower byte Indirect through G 
Ljpper byte indirect thcough G 


f 


V 
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7«3 UPCODP PURMAT3 

In the source ■formats e x p ! a i n e a in this section, a " t " Is used to re- 
ore sent th^ translation symbol and an "x” js used to represent th^ 
s t a i e c 0 d e t i e ) d , 

7 * y JUMP Instruction 
Format l 

I a 0 e i J ' J M p 3 q ci r e s s ^ t ^ X ; c o m m e n t 


3,(2 Condi t Iona] JUMP Instructions 
Format? 


] 6 D e 1 * 

opcode a d n r e s s , t , x 

j comment 

Opcodes'? 

T / P l» 

jump if 

jump condition code 
0 

U 4 u r 

j^:bt 

^ u ' «• ^ 

zb^\ 

SL/ 

1 

JC8r 

c 8 3 0 ■ 

2 

JC8T 

e 8 » :l 

3 

JIF 

i c s - 

a 

JIT 

1 c s - 1 

5 

JUBF 

n b s 0 

6 

JN6T 

n b « 1 

7 

JZf 

Z ^ kj 

10 

vUT 

2-1 

U 

JCF 

C = U 


JCT 

c = l 

u 

vJyF 

v~y 

la 

JVT 

V S 1 

1 5 

JMF 

n«0 

1 6 
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7 » R « 1 Literal Instructions 

F 0 r n a t J 


label ? 


o c c 0 d e 1 i t e r a 1 # register# tf x ; c o m n e n t 


0 p c 0 a e s 


MMEMOraC OPCGOE VALUE 


meaning 


7, a, 2 Two 
F o r n a t ; 


N ) ? ” F 

t r o s e Q p c 0 d 

Opcodes?, 


AL 



a 0 0 literal 

Cl 

i 


corpa r e literal 

NL 

a 


a n a i 1 1 0 r a 1 

'll 

5 


test 1 1 teral 

LL 

6 


load literal 

pi step 

Instructions 

’ 


opcode b register# 

aregl ster# t# jcomment 

si red 

to affect the macro 

level flags C 1 ©4 # *» C # 

1s a p D ended to the 

Opcode rnnenon ij j;;; (of course# 

t hat 

have the capability 

of affecting the macro 

MO N I (; 

OPCUDL VAlUt 


MtANANG 

M 6 

2 U 0 


move byte 

H B K 

d U 1 


move byte and get flags 

MW 



m 0 V e w 0 r d 

M B h 

^03 


move word and set flags 

CMb 

20 4 


conditionally move byte 

CpBF 

205 


conditionally m o y © byte 




a set flags 

C pw 

2 0 b 


conditionally move word 

CM/*F 

207 



TCb 

230 


two'g comolbment byt© 

TCBF 

2 31 



TCw 

232 


two^s complement word 

tCWF 

233 



OCH 

234 


one's complement byte 

OCMF 

235 



qC * 

235 


one's complement wopd 

UC^-iF 

iZ7 




Ldl«n, 
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iCb 1 

2 2 d 


I C 1 V 

221 


1 C >*i 1 ‘ 

222 

# 

1 C 1 r 

22i 


1 C b ? ' 

22-4 


ICb?P- 

22B 


IC’^‘2 ' 

22 b 


.ICK2F 

227 


Ub i 

274 


DB I F 

27b 


Qv^ 1 

2 7 6 


D 1 F 

27/ 

© 

A B 

.2 4 d 


A Ht 

24 1 


A H 

242 


A w r 

243 


CAB 

244 


CAbF 

24b 


C 

246 


CAt‘^F 

24 7 


ABC 

250 

ABCF 

251 


A‘^C 

252 


A '<•(’ C F 

253 

iC' 

C A i 
CAIF 

256 

257 


S B 

260 


s b ^ 

261 


S y''* 

262 

''Vj*'*’ 

5 1'J F 

263 

C‘ V 

270 


S B C F 

271 


3 WC 

272 


S W C F ■ 

27,5 


Cb 

264 

A 2 


C B F 

ifti C? 
266 


C W F 

267 


UHB 

310 

® 

Ci^bF 

ill 


U R !*< 

312 

-C5V 

U B B 

313 


XB 

314 


,X B F 

ilb 

jicCia. 

xb" 

316 

1 

W 

XWF 

317 


N B 

300 

A(S'*V 

mB r 

3U1 


N Fi ’ 

302 

iplll 

r-j F 

303 

TB ' 

304 


T BF 

3 0b 


T w ' 

300 


PAGt 7-7 

increment by I 
increment by 2 
decrement by I 
aod 

cond i t i <>na 1 ] y add 

aoo wlt^ carry. 

conditibnally add word on XC5 
subtract 

subtract with carry 

compare 

inclusive or 

exclusiveor 

and 

test 


LSI- I I M.IC>'^UPK0CE5SUR SKT 


T w h 

30 7 

S L d 

21 a 

b L d F 

215 

d L W 

21b 

8 L i'* F 

d\l 

5 U:; C 

210 

d L b C h 

2U 

51.WC'" 

212 

&L>‘^Ch 

21i 

d 0 

334 

5 K d' F 

335 

8 R w 

33b 

S R w F 

337 

8KbC 

330 

5RbCF 

331 

SRwC' 

332 

d R C F 

333 

is.j p w 

320 

r.CbF 

321 


322 

N C F 

323 

- 

354 

LTK 

356 

C AU 

254 

H I b 1 

3 6 0 

w i h 1 

3 b 1 

Rlwl 

362 

w I w 1 

363 

Rida. 

.3 6 4 

wlbz 

365 

H I V"2 

366 

w lw2 

367 

H 

,57 0 

W 

371 

Fa 

372 

w A 

373 

UB 

374 


3 75 

US 

37 6 


PAG^; 7 -a 


shift 10 ft 


shift left with carry 


shift right 


shift right with carry 


a n o complement 


m 00 i f y instruction 
load translation register 
conditionally add digits 
read i nc t byte by 1 

write increment byte by 1 
read ^ Increment wOrd by I 
write ^ i n c r e m e n t word by I 
read & 1 n c r e m €^n t byte by 2 
write increment byte by d 
read 1 n c r a m: e n t w o r d by 2 

write g i n c r e m e n t word by d 
read, 
write 

read acknowledge 
write a c ^ ^ w I e d g e 
output'byte 
Output word 
output status 


7,^,3 i s i n g 1 e k e g i s t e r I n s t r c t i o n s 


F 0 r m a t : 

lebel? opcode aregi step# t # x ? comment 


Opcodes? 




U 5 I "• 1 1 « I C H UP K (JL fc 5 ,3 UR S t T (MP3) 


PAGfc 7^9 



f'S N E 1-’ 0 !'•; I C 

uPcooE value 

M E A N X N G 



CCF 

162 

Copy condition flags 


m 

LGL 

165 

Load g r d i s t e r low 



Lib 

166 

Condi tiona) 1 y increment 

b y t a 


U 0 13 

lo7 

Conditionally decrement 

byte 

w 

The following s v m d o 1 s 

nave oeen adoed 

for referring to the status 

I!??'. 

rec3d by the c. CF instruction; 




M N E ' ■ 0 I 0 

VALUE 

meaning 


w 

C6 

20 

Carry into bit 8 




40 

Carry into bit ^ 



ZB 

1 00 

Zero 


# 

nb 

2U0 

Negative 



These symools be or (J) or added (t) together as necessary. 


© 7,4,4 Other i n s t rue t i one 


C> 


7 , ^ , ^4 , 1 Reset and set Flags I n s t r u c 1 1 o n s ( K F and S F ) - 
Fermat? 

label? opcode tlags»t#x ; comment 

OpcodevS; 



MOpMONIC 


UPCODfc VALUE 


M t A t -i i N G 


'<Si? 


H F C R I ) 
SFC5I) 


160 reset Cciear) flags 

lei set tiads 








The f 0 1 1 0 Vs i n g p r © g e f i n e g s 
field! 

y m b 0 1 3 

a no available tor use in 

the flap® 

MNEKUNIC 

, VALUE 

HEANiNG 


14 

1 

internal interrupt 

flag 4 

IB 

2 

internal interrupt 

f 1 a 9 5 

16 

4 

interna! interrupt 

f 1 a g 6 

TheSe symbols mav be or^d 

C U or 

added (t) together aS neceessay. 




LSI»M f^ICKUPKOCE&SuK SfcT 


PAGE 1 


O 


1 * ^ ^ fl 

F 0 f* .T! a t ; 




Incut Instructions ~ 

label? 0 p c o Q e a c c e s a c o d e # r e Q 1 s t e r ^ t ^ x 


; c 0 rr rn e n t 


Opcodes 


m 


HNtriQNIC 

UpCOUL VALUF 

m t A N I N G 



18 , 

5^0 

Input 

byte 



1 bF 


Input 

byte and set 

f 1 d d s 


Ih 


input 

word 




i'4i 

Input 

wOpd and set 

f 1 ags 


1 3 b 


I np u t 

status byte 



138P 

3d5 

1 n P u t 

status byte 

and set 

f 1 ags 

I 3 w " 

3^16 

Input 

.status word 



I S h 

347 

Input 

status w 0 r 0 

and set 

f 1 ags 

ing predefined symbols are 

aval 1 ab 1 

e for y s 0 1 n 

the access 


Code f 1 e ! a » 

ONtHUNIC 


© 


u y 

UBC 
LB 
L y c 

H H W 

TOfeCodiy i^*') 


ACC t 35 coot VALUL 
0 


M t A N I N 0 
goperbytd 

upper b y t d c o n d i t i o n e 11 y 

lower byte 

lower byte c o n d 1 1 1 o n a 1 1 y 
reaa/nod 1 t y/ ^ r 1 td 
1 0 a d T H f f* 0 ^ ^ 1 b I 0 > ? o ^ d G 

from D A L 6 9 4 > 

] 0 a a T R f r o D A L 1 5 J K > , 1 o a d G 
fporr DAL otb> 


7 G 8 c c n 1 y X ?i ) H 

These gy/Tibols n>ay be or'd C») or added (t) together as necessary 


No'^Ope r at 1 on. instruction (NOP) “* 

Format t 

label* N’QP t»x • .? comment 


m 

7,^,5 L c a d c o n ’h 1 1 i o n Flags Instruction C L C h ) 
® Format; 

label; ICF flaosnaoles^ regl st er? t , k 




comment 


The f 0 1 1 0 w 1 n o p r e d e f 1 n e a symbols are a v a 11 a tj ] e for 


use In the 


LSI»n '■•rCRUPRlU.E.SSUR ShT (MPS) 


PAGE, 7-11 


f ] e 9 enable t i e 1 a J 


m n e n 0 n 1 c 

C 

V 

i 

N 


value 

1 

2 

/4 

10 


weaning 

carry 

overflow 

zero 

n a g a t i v e 


These symbols nav be or''d (i) or added (+■) together as necessary, 
hl3 Return hron subroutine instruction (RPS) 
p 0 r m a t J 


label J RFJ5 t?x ; conment 
(Note that an rfs 1 ns t rue 1 1 on assembles as a UMp 3 


instruction (RTSh^) - . 

RTGR t/X icomment 


7,5 SPtClAL DlP£CTXVbS SUMMARY 

In addition to the normal hack 0«11 directives, several directives have 
been wade available via the RT-11 rnacr-o file to make programming ea- 
sier, f h e y are a s ■ f q ^ ] q w s ? 


7 s ^ , 5 , 1 Reset i s R 
Format; 

label ; 


7 9 b M XT Directive 

The NXT (nextl directive I 3 used as an aid In placing op locating code 
branched to by a translation^ Eight directives are available 

l i X T fl. 

N X T ^ 

NX I Ik) 

b X T 2 0 
N X T 4 d 
nXT lUD 

T'i X f ^ if} 'y J 
N X r d 0 

Which advance the LC to the next address evenly divisible by the spec*• 
1 f 1 e d p 0 u e r 0 f two, 1 f ■ t h e c u r r e n t L, r; satisfies that c 0 n d 1 t i 0 n ^ It Is 
Unchanged, 


L 5 1 * i 1 M I C R U P R 0 L 3 S 0 R S t T ( P 3 ) 


PAl^E 7^ i d 


S0 




7 » 6 • I N o r IT: a 1 M A C R C n Directives 

All features of f-i aCRO-*!! are available tc the programrner and other 
MACKQ^H directives that ^^ave meaning can be used. An , A SECT Oirec™ 
tive is aone in the microassembler a no the mic relocation counter is 
set to 1% I 0 c h a g e the m i c r o I c c a t i o n counter in an a s s e m c ] y , a 
recti ve the form! can be used, where N is the location 

s 1 reo. 


d i 
de 


7, 6»2LCC Directive 

The tUCC Micro location) directive can also be used to establish a par- 
ticular” dicro address in a nic,-d assembly. The for-m of the directive 
is;' 

IPC N 

where N is the aesiped nicro address* T i s directive was included for 
ConSistapCy w i t r the Syste?^ \\d m i c roasserr.b ] e r ( u i i ,maC), 


O 


7,7 SPfcClAL ir.RKOR t-'tSSAGtS 

In addition to the normal error chec*<ing done 
error checking features have beep added via th 


b y H A C R 0 1 1 ? several 
parameter fi|e. 




<^§>4 




7,7»1 Uff'*page Conditional Jump References 
Since the Loin'll n i c rOP roc e s so r a 1 1 ovv s cendi t i ®na 1 jump 3 only within 


fiyed (not relative) 5 6 decimal (*^0 
w ) 1 j f 1 g V ) n ] t ^ 0 n s t 3 s 5 ^ rf) ^ | y t 
error* rM a C r tJ *“ H also 

message. 

An Idiosyncrasy of the m i c r c p r 0 c e 3 s 0 r 

i s 
of 

success )V^ P^ge« hof 
t i 0 n 377 octal# the jump 
octa). The n i c roass^mb 1 e 
fashion as’^above , ’ 


octal) word page^ the assembler 
w)tf>i g upH CdUgSt^on^blp syntax) 
uses the error symbol "R” as vS catch®al 1 error 


Idiosyncrasy or t n e m i c r c p r o c e 3 s o r o 
assembled at the last location cf a 
P e m a 1 n i n g in f h e e x i g t ^ -I f i x ^ d p 5 9 0 
t success )V^ P^ge« rof if 

377 octal# t h e ” j u m p can only 


% i 

re f e rence 
ill a]So f]fg thpS 


occurs whan a conditional jump 
256 decimal word page, instead 
» jymp3 can only be made "^0 ^h® 

loca- 


' ■» W M ’4 - ■ ■ ■ y - - - V. ■ ■ ’ 

a c 0 n d i t ^ o n ^ 1 j o rn P i s at ) p c a - 
ence locations through 777 

^ ^ - V ^ 0 1 i 0 n s ^ n t ^ 3 3 m e 




ISI«U rUCRUPr<OCbS$Ui( 5 tr 


7 , 7 « 2 u V e r «* r i 1 1 e n k y m Locations 

Because of t^e nature of tne beast, the rricroproora'^'n'er rrust live with 
a d ci r e s s c o n s t r a i n t s a f n u s when an attempt is made to a s s e b 1 e a POM 
location that was already a s s e m o i e o , t h e a s s e m o 1 e r will not flag the 
occurrence, 


7,7,3 OversizeoLiterals 

Any literal that exceeds the literal width of B bits will also be 
f 1 a 3 Q e d with a " P ” error. 


7 9 6 ti P fc, R A T I N G P H U C fc 0 y P 1 3 and tX AMPLE.5 

A nacro parameter file, uCAoM^mac, must be used along with your source 
file to assemble wo microcode. The source, coae should be a garden 
variety source file which can oe created by using any system 

c 0 m p a t 3 0 1 e e d i 1 0 r C s u c h a s fc 0 X T ) , 

To assemble wp microcode on the PpP^ll f run .yacro as follows* 


K n A C R u 

and when y a C R U r e s p 0 n d s with a " * ” , type the command s t r i n g 
PU-NAM^ F ILNAMsUCASd, KXLNAM 

where h I L n A d is the name o f y o u r source file (if extension is ? m A C ? it 
cap be e 1 1 mi n^ted) , T h® output '^ \ ] ] be a , Co® j^ct f.-j i e 

and 3 listing tile with the filenames the same as the source 

file, when ^'ACHG is 1 1,^1 shea, type '’Control C” to det back to mon^^o^ 
level. Then the listing can be printed by using the P|H utility pro- 
gram 

A useful aid during progi*am development is a cross reference listing 
which is apcended to the normal assembler Hstlng, To obtain one, 
type the foH owing corrmand to hACRO? 

F 1 U M A M , r 1 L y A M / C • U C A S '"1 , F I U N A M 

An object modA»le that is produced by haCRO must then be Passed through 
the R T « 11 L 1 n 1. e r program to produce the , S a file on the system device 
( 0 r a n y ■ d e V i c e f ^ r that matter) that Is r e q u i r e o by the w c S L U A 0 fc H , 

The following example Illustrates a session at a terminals (the 
source file has a 1 r e a o y been created) 


R MACRO 


ISI-ll hICRUPPUCE3i:?UF^ StT (MP5) 


PAGC 


* fc X A MP L , b X A P.p L / C =U C A 5 H , t X A MR L 
t P R 0 R 5 D b T i: . C T b 0 ! ^ 

FRbb CURb; 7745. /vURQS 

, R PIP 

aLr;=EXAPPL,L5T 
,R IX NR 

:* b X A P L ” t X p L 


A 5 ANPLb PPOGK an iS SHUi^/N RbUUW T MaT I LLUSTH A.TbS A TYPICAL S0UP^CE FOR** 
MAT f THE SYM6UI. T ASLt IS NUT SHQhN, 


L 5 I * t 1 '■'> I C U P H Q C E 5 V U R S t T ( P a ) 


PUS 

rip AND 

PUPP I NoTPUC T 

IONS 

R r »» 1 1 0 A [9 0 V 0 2 "• 

12 li-PEB»77 19J59J50 

2 

3 

a 


8 

1 

.title PUSHP ATnD PgPP l rs^S THUCT I uns 

THIS is THE HICKOCODE (“ UR THE ' RUSHr AND PUPK iNSTRUCTI 

5 


» 

P U 3 H P vj 7 6 7 U 0 



6 

7 

a 


t 

t 

f 

p UP K s 7 o 7 0 1 
SINCE WE DON'T 

HAVE AUTU POnEkUP 

UR, MICRO INTERRUPTS; 

9 


ii ^7. y 7 U j 

p U W K U P ~ 0 



U1 

11 

Vu 

U 0 0 0 0 

irli^SI 

I N T S E K » 3 
U 0 T R A N S U A T I 0 N 

BLANCHES and the DECODE OP U76XXX OpCODE 

12 

0 fc 0 \ J ■/) 


LUC 

30 0 0 

I TRAP illegal Opcodes 

1 i 

0 3 y v") 0 


J Up 

0 

la 

03UUI 

GMT*P'< 

UNP 

DECODE 

;CQHE here pun UPC OPES 

15 

0 5002 


JMP 

pOWHUp 

;pOwEr up' entry if nE£ 

16 

0 3 003 


J0P 

?TRAP IlLEGaL'OPCUDES 

1 / 

0 3 U 0 9 

I N T A H r ? 

JNp 

I N T s E R 

?COME here POr micro 1 

18 

19 

0 3 ’:iJ 0 5 

e 

» 

D t C 0 D 1 1 

CL 

175#RIHL 

?ZB IP OPCODE Is 076(90 


0, 3006 


JZBT 

DEC UN ■ 

;JUHp"lP true 

21 

03007 

Q E c r P P 1 

JMP' 

0'' ■ 

; [RAP illegal CODE 

22 

03010 

D fc C U N S 

CU 

301 ,RIKH 

?28 IF OPCODE Is 07670 

23 

0 30 11 


JZ8T 

POPH 

J JUMP" IP TRUE ■ "* 

2^ 

0 30 12 


CL 

3 0 0 , R I H H 

?ZB IF OPCODE Is 07670 

25 

0 3VJ13 


JZBP . . 

DECTWP' 

jjuMP'iF False “ 

26 


1 

C/« V-M^VX <KAAiC»>J^JL«Ak W ^ L-A 


27 


; 1 H i s I 

3 THE A L G Q H I T H H 

FOR the PUSHR INSTRUCTlONj 

23 

03019 

p ij 3 0 R • 

'LL 

■'S^RiRL 

JrIrL-FIRST g constant 

29 

0 30 15 

FUSHLP J 

L U L 

R I R L 

;3ET up G'REGiSTER 

30 

U 3 0 1 6 


AL 

3 / 0 ^ S P L 

iDLCREMENt stack by 2 

31 

0 3017 


CUB 

S P 


32 

0 3 0 20 


V*.‘ 

SPH^SPL 

?PUSH register unto ST 

33 

0 3021 


DB 1 

R I R L # R I K L 

;DECREHENT G constant 

34. 

03022 


ON 

G H ^ S L 


35 

0 3 0 2 5 


J B P 

py S B yP 

?JUmP if fvjQT OgtvjE- 

36 

0 302 9 


JMp" 

. 1034 

lJUMp TO PO FLAGS AND 

37 


* H 0 '/? r'i t 

KE IS iHE POPR 

ALGOR 1 THH ; 


38 

0 3025 

P U P R i 

LU ■ 

0'^RIRL 

IHlKLsPiRsT G constant 

39 

03026 

PUPlPl 

L U L 

R I R L 

joET UP G' Register 

90 

0 3 0 2 1 


R i W 2 

SPH', SPL 

jlNPUT register' AND IN 

91 

03030 


I C 6 1 

H 1 R L ^ R I R L 

iincremeNt g constant' 

92 

030 31 


I w 

f G 


9 3 

^3032 


CL 

6 ^ R 1 RL 

IZB IP DONE 

99 

0 30 33 


JZBP 

PQPLP" 

? DUMP "IF NOT done 

9S 

03039 


J 0 p 

1039 

NLiNp TU DO 'FLAGS AND 

96 
9 7 
98 


9 

9 

t 

|IN THE 

MAIN CODE THE 

ENDING CODE USED IS AS POLLOPiSl 

99 


it 

LQC 

1039 


50 


? T 3 T i::’ 1 

S OF 

RIRL#>H1hL; jiHSVC 

1 L 1. L A R C P L A G 

51 


; 

MNP 

6,G' 

;EPPECT Flags 


LSi-U .MICRUPk'OCESSUR StJ (f^Pv^3 


53 




E^.0 


7 • 9 P H L D t F I t D S Y ' h tJ i. S 

Care 'T u s t be e x e r c i s e "j ^ c t to r e b e Y 1 n e any of the s y o o ) s in the. 
tacheb Hst, as this can result in an erron^Jo'^s assembly* Th^^se 
b 0 1 s ere the ones used c y the parameter file? d q a b m , M ;; C • 






c 

!/■; i{< :'1 -^} v-1 1 

RIR 

000010 

C0 

U b U U 0 

R 1 R h 

0 0 001 1 

c« 

0 'i> •'.< U ^ 0 

R IRL 

0 V5 0 010 

C8 

0 id k3 U 2 0 

K gy 

000004 

OUP 


R p 3 R 

0000 X i 

OoPl 


R P S hi 

000013 

oopCou 


R P S W L 

0 0 0 12 

G 

0 0 ‘0 ij 0 

R3RC 

0 0 0 0 0 4 

GH 

0 0 0 0 01 

. R 3 R C H 

0 0 0 00 5 

GL 

St5 U t,' 0 0 0 

R S R C L 

0 0 0 0 0 4 

I a 

0 0 !.') 0! 0i 1 

R SVC 

000002 

15 

0 0 0 y y 8 

s y 

0U0000 

I 6 

oi' 

3P. 

0 0 H 

J 


33 

000006 

JC3P i 


34 

0 0^ y 0 1 0 

JoPcgo 


35 

0 0 0 0 1 2 

LB 

0 U 0 0 0 1 

3 6 

0000 1 4 

LBC 

00 0003 

3 7 

000016 

u r UP 


3 UP 


LQpi 


supl 


lupgqu 


SgPCpD 


IRR" 

.000001 

SP 

000014 

N 

0000*0 

.3 P H 

000015 

NB 

P 0 0 <£ y y 

SPl 

0 y 0 y 1 4 

PC 

0 0 0 y 1 6 

T G 6 

0 0 0 0 0 1 

PCH 

0000 1 7 

T Ga 

0 0 0 0’ 0 1 

PCU 

0 0 0 016 

UB 

000000 

R&.A 

0 0 0 0 8 

UBC 

0U0002 

R ri 3 h 

0 00 00 3 

V 

000002 

R B A L 

0 y 0 vi 0 i 

1 

0 u 0 0 0 4 

RDS'V 

0 0,00 06 

13 

000100 

RDS ( H 

0 0 ki 0 0 7 



RDS T L 

0 0 0 0 06 




at 

sym 





L S I ™ 1 1 I C P K 0 C E E S 

UR vSU (HP 3) 

PACE 7 '•17 

0 ^ 

w 





7 # 9 , 1 0 u m y Direct 

i V e s 



THE f<QLLOWir^G OlRtCTlVto ARt ACCEPTED bV 

THt microassehblfr TO Keep 


COMHATlbCh .llH 5 

UUkCc FILE3’ previously' f^HcPARED hOK THE SYSTEM 


10 HlC«0A5Sfc*^HUtR (U 

11 ,i'AC), These directives do no produce any 


c 0 d s » 0 r h c V $ a y e t 

+ 8 c t on t H e a s s e >Tt b 1 y , 





tHH T Y 0 



*■& 

tWH T Y 1 




EMPTY2 




tHFTY'i 



® 

[ R A !m 



■!«5I:% 

7.1>3 OPCODE SU^’HARY IN OCTAL AND HEX RADiCtS 

W 

Theoctdl value Is 

listed first and then 

the hex value is given in 


parenthesis. Ad d 

oneto the stated value fpr the Qpcode that affects 


th.8 flaos. 



o 

00CO)-*^THP ' ^ 

1 0 0 ( 7 i3 3 «• K F 

170(78)- 


0 4 C y i 3 ** N ‘r t) 

1 0 i C 7 1 ) -^ 3 F 

171(79)- 


1 ( i j “S' j X X 

1 o 2 ( 7 2 l** C C h 

172(7A)* 


2CP)®AL 

lo3(73) *LCF ■ 

173(78)- 


3 ([ 5d C L 

1 6 A ( 7 d 1 R 7 S R 

179(70)- 


4icaj«NL 

103(753 -LQL 

175(713)- 


5 ( 5 j T L 

1 6 ( 7 6 ) ■-* C I b 

176(/E)- 


6 C 6 3 ’^LC 

iD7C77)-CDO 

1 7 7 C 7 F ) - 


20 016 y 3 H b 

22dt903-iCbl 

2 4 0 ( A ;/j ) » A 8 

f??3 

•ViSiy 

20 2^62) “ 

2 2 2 ( 9 2 3 I C N 1 

292C Ap)«Au 


20^1 1 6^3 3 «CNB 

22a(94i)«,iCB2 

2 4 4 ( A 4 ) « C A B 


2 0 6 C 8 6 3 ^ C A'! W 

22b(9o3-ICH2 

2 4 6 ( A 6 ) »* C A W 


2 1 0 ( 6 6 ) ^ 5 L B C 

2 5 0 ( 9 6 ) w T C 13 

2 5 0 ( A 6 ) « A 3 C 


2i2C8A3 -SL0C 

2i2(9A3-rCw 

2 5 2 C A ) - A w C 


2i^i8C3«bC3'' 

23a (9C ) -UCb 

254(AC)«CAD 

%# 

216C6L3-SLW 

236CvE3«OC'ri 

256C H:)-CAI (CAhl) 


260CB03'^Sl:i 

3 Yi y ( C 0 3 "* fN B 

3 2 0 ( U 0 ) - C B 


262C023 -SA 

502 C 0 2 3 '^NH 

522C0 2)-«NCw 


2 6 U (_ B d ) «« C b 

3 V,' u ^ C 4? ] <w r b 

3 2 4 ( i3 4 ) w 


2 6 b C 8 d ) ® C 

i O' 6 ( C 6 ) ■* T H 

32b ( Do ) ’® 

■^fe'5 

2 7 0 C B 8 3 ® 3 d C 

3 1 0 ( C 6 j 0 R b 

3 5 0 ( 13 B ) - 3 R B C 


272CbA)-SiNC 

i 1 2 ( C A 3 O R w 

352(dA)-5KWC 


2?a(BC}-DbI 

3 1 9 ( C C ) «• X T5 

334 ( DC ) -SRB ' 


27bCBt 3 «DN 1 . 

ilb(CE3«XR 

3 3 8 t L ) ** 3 R 
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P AGE 7*19 





3 ^ 0 ( E 0 ) * 1 9 
3 ^4 2 { 1 2 ) * X 
3/444 

3 4 6 ( E 0 ) * I 0 
3 b iU E 0 ) « 

3 b 2 (EA ) - 

35« (fcCi «M1 
3 S 6 CEE )*U R 


3 bi 6 (E(''t)’-Ridl 
3 b 1 C ^ 1 ) ’=■ W I 0 1 
,5 6 E ( ^ 2 ) * R X 1 
3 b 3 ( R 3 ) * w I -‘4 1 
36 u(Ea)«HIr 32 
3 S b ( r 5 ) * i " 1 13 2 
i 6 b ( f' 6 ) '*> K I 0 2 
3 b / ( E 7 ) « I ■*' 2 


3 / 0 c a ) - R 

3 / 2 C ^ A ) “• R A 
373 (R d)*vsA 
3 7 4 ( C ) a. Q d 
S75((;' U)*Qw 
3 7 b ( F b ) « 0 S 
377CRR )«N(jP 


c> 


^ 7 % 


^.s6ir' 







^0 


C h A p [ f. R 8 


I C R U P R Q G R A f-i ‘-U N G T t C !'R' a R U 1 3 


8 9 I G L ' > 8 R A L 


atjNpAMcNlAL nlCRUPKOGRAH G H A R AC T GR I ST I C S 


8,2,1-. Entering User Microcode 


Q - 2 ^ 5 D e c c 0 i n 9 t e U s r P a c h i n e I n s t r u c 1 1 o n s 


892,3 P o 3 s i r> 9 A r a u ?t; e n t 3 


8 g 2 , ^-1 8 X e c '■Jt. i n 9 the user a c n 1 n e Instructions 


the processor 


Status i-i o r 0 


H i C K op U G K A - f U ^ T 0 C H < < I U L 5 


P A G h y « c] 


8 , ? , & K 0 j o j n i n g the f-- e c h 1 n e 'J p e r c3 1 1 n g C y c 1 q 


I*. 


8^3 U 8 t R * M C H' 0 H R ij b K A ''I I'* i i -i t- 'N f R y A k t A 


THt U5tk OlCRi^pKOGR An*^ikG ENTRY AREA 
CR0ADi)kc:S5t5 3U^^G«500A iNCLuSiVE, 
TKANSPtRRED TU I PE PlCRUwURO 6fUkE 
CUNUI rlUNs, AS Exp 
NUj’AEU E-'^-‘TkY AwEA 
BE I A 0 E ij ><■ I T T M i 
PREIG -8 A J'''P 0,' 

E E T E R r E U 8 E R C o i\ T R o L 
W H I L M CAUSES A ! R A P T U 


CR U W ORO 
iNp;; IN 
LCt A f I (}M:3 
A E E - 1 1 R U 

aIiH TMI3 


IS LUCATEO AT CONTROL STOrE MI« 
CONfRUL 'of fhc OICRUFACHINE Is 
AT these log at I ONs ■ under DlEFERENI 


THIS section^ in 

vUll be utieizeo. 

hICrUrOkO, E-UiICH 
pf<Ep AR AT 1 On, any 
A E A A J u L he H a N 0 1 1 0 AS 
L$I-1 1 VECTOR LOCATION 


the normal applicaiiom; 
' T H t s E ■ I DC A T 1 0 Ns ■ S H Og L 0 
THE i' .1 Ck’PR OCESS OR inter, « 
iNADVtRrENT' ATTEHPI " T 0 
A E 8 E H V E 0 I g S T U C f X U N ? 
Ik)'" 


locations are 
iHE hi S/E To Op^ 
' f< t M 0 V ED' 1 N A 
OF' THIS vACAtEp 
EsTkICTIOns (SEE SECTION 3,12,1),' arITEABLE "CON^’ 


note that HHEn using APPREoSING node i, the e n r H Y Area 

A r T'H.E B t G I Ni' 1 ng • up UrITEABLE CON f rUL STOrE PAGE I, 

T iON NURMAppY OCCUR Its g I CRgADDRcoStS 7'7 8 .UT ‘ 16 

WCS' EnUIppED 5YSTEH, ’ THE ' MI(;,;;QpROGf:; AUHtR CAN HaKE USE 
SPACE W I tH C£ K TA IN 
TROL' STORE PAGE 0 , 




there are' Three general events j^^hich cause coni roe to bC transferred 

TO }Ht cNTRY AREA, THE FIRST'TYPE UF FVENT'QCCURS .‘HitN AN APPRUfUUATE 

Machine iusipuctIon- fe [C'hed and uoaoeo' into” j he inptruction ri 


o « 


TEr, R Ir , ■ . THESE, machine INsTkUCtIOn VALpEs CAN'. AFFECT A TRANoEER' TO 
three OP THE hICrUADDrE-sSES "( 30VjC», '3001 , " TH£ "sECUNQ TYpE OF 

EVEmT occurs at PqwEK-UP (3002),’ THE THIRD TYPE Og t V E n f OCCURS In 
THE IMpuEHtOTAUnu up . iHe HiCKUpRUGRAHHtD ■ Ev[tRHAL. XNfEKHUPi 'TEST 
(300^1), ' " ' ■ “ ■ ■ ■ , " ' ■■---- 




8 8 3 0 1 Entry R i c r o a a a r e s s 3 0 O P 

C 0 N j R U L 1 S T R A 0 0 F E P H F D I 0 HICK 0 A p 0 R p S S 3 0 0 g W H E EVE R A M A C H I N' E 1 N' 
struct I UN IN the range W0U2P0 jO DUH2P7 (UC|AL) I 3 K£ | CHED A N D DECODED 
BY I he translation array , NUTf THAT THESE * HAChlNE" INSTRUCTIONS' ARE 

reserved by dec, a JHp p rUCkOlNSTRUC [ I UN npsT aU’^A Y5 BE ASSEMBLED 

IN'Tu MlCHc'LuC at j gn 3O0U Tu CAUSE A TRAP'Tp i \ VECIqK LOCATjruN 0® ' 




8,302 Entry i c r o a "1 a r *5 s s 3 0 k) l 


HI CROC OOF 
IS T R A (mS F L H L D 


M i C K Q A D 0 t 5 o IS T r< t 

U 5 E K « CrqP K u G p a m [ • 1 N C , C u N T P g L 

whenever a f"^Chi^•E lUSTkUCTlON HAVING A VAluE lU 
0767 7 7 IS FETLnhO' AHC DECgOEDBY I HE TRANsLaTIuN 
ONLY LEGAL CL^srCEEP CrCUOEs'ARE IN jHE RANGE QE ^ 
IS 


E N 1 R Y P 0 I N T E G } ■< 
1 0 e; I C t'- \j A L) R Ess 3 0 G 1 
the range 076000 TU 


AmRAY, NgTE that 

)767CU TO 0 76 7 77 ■■ 


HE RESPcO'-S IdlLl TY gF IHE USER-TUCKOHDuGk AMHtR Tg- CAUSE 


JHP 


r liE 
■ I f 
H I - 


1 




MIChOPRUGH A^'M U'wU [ PChNlGUtS 


PAGt 6-i 


€) CHOiNoTPUCTIOr'^ rO OCCUR FUR AMY OPCUDt IN THE RANGE '^76U0v^ TO 076677 
SINCE I ! i F S E A K t FJ t S F r? V E 0 b Y DEC, S t, E SECTION b , a , 




8 , 3 8 3 Entry i c r o a o d r e s s 3 0 0- R 

CUNpuL To IRANbrtFKCi; lO NlCROADURtSS 30OH AT PQWbK-UP 
mode 3 13 " StLtC T bO , MQOF ShLbCTiUN IS 

LSl-il PRUCtSSOw nUuuLt (She THE NXCkUCOUpU ! F 
STRUCTIiJO LUCArtO A1 3G02 3f'U)ULU jUnP TO A 
SPECIAL S [ A w T 0 p 0 p t K A T 1 0 N S ^ OR p < J S 3 1 0 L Y A 


R H t N P U W h R “ U P 
VIA JUMPER UPTiON ON [hh 
K MANDbOUK) THh MICROlNi 
hlCKijRUUT iNh UHICH executes 
SYS I to BOO I STRAP, 


SINCE THE wCS MhMURy IS VOLATILE, TOE USER CANOUi ExPtCT A MICROcOPED 
BOoTsTkAP to bh EXECUTEO OUT OF USER CONTROL STORE XHMhUlATElY AFTER A 
POWER ' removal , • " - - 




0 


8 , 3 « a 


t n t r y i c r 0 a d d ress 30 0 3 


IN- 


CUN I FJUL IS fR aNSFERHED ]U HICROADDReSS 300 3 WHENEVER A MACHINE 
STRUCrlUN HAVING A VALUE IN THE RANGE 075oau- 0 7 5 7 7 7 1 5 FETCHED AND DE- 
CODED 'BY the translation array, note that these .machine ■ instructions 

ArF ' hCoE R V'EO By dec aND a JHp 0 HICrOINstrUCT I pust ALi'^AYs 8E 'AsstM;;, 
Bl^O, X f'j r u iM xCHOLOC at XUN 300 3 TO CAUSE A' T H.AP Tu ^ S X- 1 I VtCTuF LOC AT jOm 

10 / ' ' ' ■ ' ' " ■ ' ■ " ■ ■■ 


© 

8.8 3 1^5 Hicroa 


H I C N U A U DR ESS 

w 

TERHiJp] test. 


T ifihS 


I 5 - E X P E C T F D 


FLO r‘ p A F H 5 H E 


F I G IJ ji h, cp, 1 SB 

• 

F i GijRE d , 1 ^ 1 

m 

PRIORI TY 


3 W 0 a 




>0 


iHPLfcMENr the rlICKUMACHiNE EXTERNAL IN ^ 
0 E p ERF Ok M ED D U R I • ' G T Hb EX t CUT 1 0 N OF -LUNG 


30 is USED T ^ 

{ h i S T E S ]' hay 

vvMtN AN'exTfcROAL iNfEpRUpt Ok THc'EVENt'’ LINE' INTERRUPT 
AMO OUST 8b sErVICLD^ ThE H a CH I wE^ h i c k OH a C H I N h CONTROL 
LEVANT TO THE LxiErNaL INjERNUpT itSTS ArE'' VIsABLE IN 
1 AND , 16«.a, these illustrations ■ Arc REPRODUCED HErE AS 
AnD 6, 1-2* MOlb THAT InTERHUPT h't ( 46) , HAS 'THE ' HlGHtST 
AMY DECISION IN THE ' iNTERHUPT/TRAp DECISION CHAIN', ‘NOTE 
ALSU that once 16 Is sEl , CONTROL ALWAYS RF! URNS ' I O' USER CONTROL 
stone, if UIHEr ARFVtur (IE) pF A DEVICE (li) ImTERkUPT'IS ACTIVE# 
CONiRUL Is FRANsFERhED I 0 MICrFJADDRESS iUUa, 'ip 16 HAS "BEEN 'SET” AND 
neither I2' 0R”I3 IS ACTIVE; THE HICHOHRuGUAM' CoUn [Ek IS'noT HgDIFlED 
ANO-MICkOINsTHUCTION execution continues in SEpUENf IaL fashion. " "in 
Order to entEk thf' i n tephup t/ trap pecIsIOc chain# 

(MI<17>) must ‘BE SET, THE HICHOPROGRAfT OnRICH IMPLEMENTS 
■ RHUPI TESI is ShOwN’ShLUC, 


TO XNTbHRUPf lEST 


THE 

THE 


RSVe Blf 
EXTERNAL 


EX I rsr 


CUfN! t 


Si 

Ib 

* 

0 

SET 16 

X X X 

8;A;# RSVC 

f 

control 

R I 

I 6 

4 

P 

RESET I 


9^9 

» 





H X C K 0 1' h: A I- J. - b Jt C li I u J t S 


P A G t, 6 a 


T^e Set Interrut; 1; (51} r i c r o 1 n s t r uc t i on is use') to set lo, 16 

s p e c i f i e o in t n e a f* et u e n t field. The n i c r o i n 3 e r u c t i o n at t •< 


may ho 3 n y t 0 i g except a jump ( u n c o r. d i t i o n a 1 or c c n d i t 1 o n a I ) 
kSvu arnurrent 035000)05 as a I 'at f\l<U>o In^^adiately f oH owi 
R e 5 e 1 : In t e r r u o t ( k I ) ■■■ i c r 0 i n 3 t r u c t i o n which r e s t 0 r e s i 0 to i t s 

state (ci eared). Tre reset operation must be included here to 
nor a ) i n t e r r u p, r Control f 1 o v X ^ 0 i t h e r of t h e t w q p 0 3 3 i h ] e 

n a ] i fU’ e r r vj p t s 1 s active and execution c 0 n t i n u e s a t c b f'i [ * This 
r u p t test '•'ill n o ' h e s p 0 r, d to P h F R t S H ( 1 1 ; ) f | K ^ C t t I d ) c oh 
( X 1 ) , A 0 o 1 t i 0 n a 1 i f o r m. a t i 0 n on i n t e r r u ?■> t testing is cent a 
Section fi » 6 ? 7 , 


fc e i n g 
I T S T 'i ^ I 
, \ The 

ng i s 0 
f3 0 r m a 1 

r e s 1 0 r e 

e >: t e r 
i n t e r “ 
PFMAIT 
1 n e d in 


8,3,6 bntrv h i c r oada r e 3 s Summary 

0 a c o -use t n a r- i c r o a c d f e s 3 entry points ape p 0 s 1 t i 0 n e a in s e g u e n t i a 1 ) o ” 

cations, tne n*lcroinBtn.'Ctions located in the entry area SuGG to i£H33 
n u 3 1 a 1 i he p n c o n d i t 1 o n 3 1 j u ''ll p s 9 t a c h J h R m i c r o i n 3 1 r li c t i o n then 
t r a s r s control to a m i c r o rout i r"* e h i c !i in ('• 1 e n ants the a p p r o p r 1 at e 
Operations, The s 0 u r c e code f 0 r the entry a p e a n 0 r m a 1 1 y a p p e a r s as 


StT MICRCPHUtiH Am COUNTER TO. 3000 

TRAP RESfcpyt.D UpCb’DhS 

ENTER here for OPCODES 076XXX 

enter -HERE hCR pOdEK^UP 

T R A P H FT S E H V L D E' P C 0 0 E S 0 7 S 0 A { j ^ 0 737 7 1 

E N T E R ■ h E R fc X F I 'i 0 R 1 i p t N' DIN i i 

A h-’ i) ' S T A j-^ T I T t H U f ■ T S t R V X C E 


f 0 1 1 0 '*• S 

a 




l-OC 

3000 

t 

3 D 0 0 

Jhp 

■51 

4 

300 i 

Ji<p 

DEC DOE 

« 

t 

3003 

J 0 p 

p !■*' H Ij P 

! 

3 O '0 3 

J 0 P 

D 

» 

f 

3004 .. 

X X X 

n ^ A 

f 


DEC 00 El 
P w R u p ? 


.? start of USeR opcode decode 

; START OF POv^^ER UP i<QUllNE 


8, A PACHIRE INoTkUCtION UECCOINO TE.ChtacuEs 

The mi chcorocebsch Control chiP 1 1 transfer control to user enT-ry 
p 0 i n t ( 3 d 0 U in r e 3 p c n s e to any m a c h i n e instruction in t h e r a n g 0 
076030-0757/7. The m i ^ h cP r og h ^mme n ' s first i 3 to oetehming '^hlch 

of his Sc S' c 1 a 1 a c h 1 e i n s t r u c t i o n s h a s t; e e r’t f 0 1 c h e d , N o t e that b [::) 
Coded 0 7 6 7 n <: t o C 76 7 7 7 a ro t on 1 v lE’ca] customer opcodes and oP^ode s 
D/nviuO to 0/667 / ^U 3 t caus© a OpP microinstruction to occur. 


M J, C K U P R U C- K A 1 b T t C M * -i I y U t S 


H A Gt, 8 b 


No Decodinq 

In cef'tiiin cases it is net necessary to Pertor^i^ any instruction decod'* 

I ny 9 8UC h a case occurs during m 1 c rpr 09 raps d e v e 1 o o n e n t wRen wC8 nr-e m o • 

ry Is only loaded a sin 9 ]e rr. Icroproqran-. , Control there'fore 

transterred cirectiv to t^e starting rricroaddress where execution oe- 
gins, When rnicroPrccra.T. develoPiTiant is completed? tne *^e rifled rou« 

I I n e ill a y b e c c cs e part of a larger w (; 5 ] o a a rs o d u 1 e • The f i n a 1 load no** 

d t / 1 e would c 0 0 1 a 1 n an i n s t r g c t i o n decoding n e c r a n i 3 n along with the 

multiple execution routines. 0 1 e that all u u s e d m a c h 1 n e cooes must 
pertchfr 3 JNP d ,niCroinStruction to trap to U 6 i**n vector Id, 


89/4.2 Guccossive Comparison GecodinQ 


One technique for determining where micromachine control should go 
next Is the successive comparison technique. Principle in this tech« 
n 1 q u e is the ability to m 3 i b t a i n in c 0 n t r 0 1 store a i 6 » b i t Constant 
with which the machine Instruction is to be compared, Ihis ability'is 
supplied by the literal class microinstructions, fwo successive 

LOAi), tLi ) microinstructions al low the reference valua to’ be 

placed In any designated register, Qnce the reference value is esta"* 
bHshed? the Comp.:5r'e WqK'D m i c ro i nst rue 1 1 on ig Used if followed by a con« 
ditional jump (JZi), It the two words are eoual, control will be 
t r a n s f € r r e d to* the n 1 c r 0 a d d r 2 s g C o n t a 1 n e d in the c 0 n d i 1 1 0 n a 1 j y m p 
1 1 8 I d , Note that the comparison fii u 3 1 be p e r 1 0 r m e CJ with the 
f 1 a g w a f f 8 c t 1 n G m i c r 0 i q s t r u c t i o n I C W F , T h ® j u m p i s made contingent 
upon a c 0 n d 1 1 i 0 n cede e s opposed 1 0 " a ' status bit because the latter is 
updated ^ 0 r each byte result? and may not r e H e c t t h e f e g u 1 t s o T the 
w 6 h d c 0 m P f r i s 0 n 9 h.’ q t q a ] s p t q 0 1 t ^ e m i c r 0 p r o □ r a m ,t p r p u s t document a i ] 

possible flag results for the special machine instruction, in the 
cage discussed q e r e , t ^ e f 1 a g a q ^ p u 1 a t ^ o n i § f o c a q ^ q t e r q e c3‘ ^ 3 1 e p u r 
pose? and flag values will probably be modified later to reflect a 

d i f 1 8 h e n t result. 


The rr-. i c r 0 p r c g r a m used to implement the above technique is presented 

b e 1 0 w' , 


DbCUDbi 


b L 

R03TL 

« 

f 

USb RDS'f hpR RttERPNCt WORD 




9 

$ 

load low byte, ” 


LL 

175, R03TH 

} 

LOAD HIGH pyTL 


CwF 

KIR, RDS T 

} 

LQMPARL, AP>eCT FLAGS 


J A i 

G p 0 0 

% 

9 

IF EQUAL, GQ TU RUUFINE FOR 

076700 

ICRI 

H u 5 T H 

e 

f 

1 N C K £ H t N T R b r L n F. N C L W U R U 


C WP 

RIR, RD3T 

9 

9 

C U ! P A R L AFFECT FLA 6 3 


dZl 

0 « b 1 

0 

IF EQUAL, 'GU rO'RGUTlNE FUR 

076701 

F' 0 r e ( 

;jompah1sOns 




« . 

j m P 0 


a 

$ 

if none Of them, trap to vecto** 10 




H i C H 0^^ K U G K L G i f'. b T fc; C M G I G u G S 


P A G b G 6 






J his 'n i c r c c' 

t e r e f e r e p, 

t h e ('■ a c n i g e 
s 3 t 1 s 1 0 o , 
p « r 9 t i c n 1 0 
^ n B t f* u c t i 0 n 


r c 
c 0 

i 


c r a ^ u 
V a 1 ij e 

s t r b c 
Ut Ge r ^ 
tho n e 
s u s e a 


-S !.? s t V', Q L ( ‘ A D L I T t P- A I f'i c r o i n 3 t r u c t i 0 n s to e s t a b 1 1 r, h 
p7oGu,h.- in the destinCtion oPShan"^ reoister* It 
t i 0 !"» has t h e- s a n' e v a 1 u o i t h e j l; o c o ^ o i t i o n will b e 
i B e a o (Vi i t i o n a i c c rr. c a r 1 s o n s are .a e cess a r' y , In P r e •« 
xt co^'ira risen/ tne increment Bvee oy 1 IC8l Picro*^ 
to i n P r e ,*j', e n t t h s c c p P 3 r j J5 o n c o .n s t a p t ,, 


n t a t i 0 n p t the successive c o r p a r i s p o t e c h n i c ii a d e s c r idea 
iohly qep,era]1zecJ in that it Cap deCQde of* recoPni'^® 

Idle use r c d c o ci e s . However# it is ^ o t H c? ] y that s u c h a 

er ct scccioj o-cocies v^ou]d be s -j niU l t anCous ] y used. An a ] <« 

t e r n a r i V e i *;■ p 1 e e e n t a t i o n of the successive c o o a r i s c n tee 'a r-^ i o u e e o n 1 o « 

y s a Bin q 1 9 b o c--- vj r p b 1 1 p r a 1 (CL) n' 


The i '■• • 

6 b 0 V e 
the b 3 
1 r c. e 


: 1 e o 9 
i s h 
p o 3 s 

n u rr b 


user o r: c o d e 


Lc^oare L,tehai ( CL ) ’ m 1 c ro -j n’r> t puc t 1 on to'* c'^oh e^PeOtet) 
Use c f the l o o a r e Literal n i c r o i r. 3 1 r u c t i 0 n also has the 



?* d V a n t a q 

e 0 1 

not r 0 Ci u 1 r i n 9 a n y 

other r 


t 1 0 n , T 

he d i 

c r Op r Qo 

r a rn yj h i c h 1 n p ] e n e n t s 


f 0 1 i 0 w B J 





Ai/ 

DbCuCL 1 

CL 

3'^/R 

1 H L f 

IS IT '37 



JZdl 

Op d 

/ 

YES, GO 



CL 

3 .U / 

R I i< L J 

is n o? 



JZO T 

Opbl 

f 

YES, GO 



CL 

3L1 r 

kIRL j 

IS IT 07 



JZB 1 

0 p v; £ 

/ 

YtS, GO 

"0 


• 




'asMi' 


rriO re 

9 

C 0 rr- 0 3 r ^ 

3 0 n s 


'Pd 


9 

9 






J d 

0 

t 

f 

if nonO 

a 

The . a d V a 

0 t a 9 0 

of t h 1 

3 n i c r 0 0 r o g r 0 is t h 


this 1 0 c h n 1 q u e appears as 


LXtCUTh. 


a 


1 t b <? PS P 0 1 u s a any a d d 1 
t i n ^ registers as scratch space, a ^ d It executes t a s t e r b e c a u -3 0 i t 
does n o t n e e d to e 0 o i f y ( i n c r e 1 e n t ) the reference value with a s e p a r ^ 
a t 0 fi'; j C r 0 ^ n ^ h b c t ^ q n * 


© 




3 9 h 8 A G Q d f ^ en J u m C i) e C O d 1 n g 


T h e ’p i e r c i n 3 t r u c t i 0 n p' c a i f i c a t i o n t e c h n i o ye a 1 1 0 vj s u e r opcodes to be 
deco d 0 d .'■r ,j rh rest e r , e s e c i a 1 1 y w h e n a 1 a r g e n u o. b e r of decisions are 
n e c e 3 5 a r v j 1 h i 3 t: e c h n i q g e effectively y s 0 s the 1 c w e p b y t ^ of the n a 
c h i r, Q o r:> cede a s p 0 r t of the pp i c r o e o d r e s s p 0 r i 0 n of an vi p' con d i t i 0 n a ] 
j u r- o i c r d i n s t r u c t i o ri ^ 1 n e o p c r a t 1 o ri c f the y, 0 o i f Y h' 1 c r 0 i n 3 t r u c t 1 0 n 

C d } i-r. i c r 1 r 3 t r u c t i ^ is discussed i n Chapter a , The t w q rn 1 c r q i q 
structio!^ seauence? 


;U) S 1 H f P L) S ( L 


vJ hp 


; OG IN THE DiSPA[CH UPhSLT 
f A N D J U M p r 0 T H b R 0 U 1 I N L 


M I C K n H 


Kl ij A 


TECHNiuUilS 


PAGt b «7 


P I* c a i j c e s a 
c f t a e CO 
u s c a A ■( t 


uncoivi i t i ona 1 -T' i c r o a d d f' e 3 fot^rned dy the 

tent 3 o f ■'< L‘ b i A i t h / in this c a s e t , ri c 'vn e v e r / 
n e J r- F 1 f'l ^ - r“J c t i Q id not restricted to v-) , 


n 
n 

t n e 


logic a 1 0 K 

the a r g u n e n t 


The fi o e 1 i n f : 1 e f) t a t i o n of this technique 
the -i' a c h i n e 
literal C } 
the 0 f.- c o a e 
the c o n t r* 0 
s t r O' c r i o r. 


,i s o s 0 n 1 y t h e 1 o byte of 

1 3 t r u c t i o n r c -'f i s t e r « h i c h is 3 t o r e o in R i P b and the A n 

n i c r o i f". s t r s.i c t i o n rn a s < s off all but the 1 o w e ~ 5 i x bits Of 
in NiPH, Note that KP 5 >nU containjj a]l 
1 store (see b e c t i o n h , b . 5 ^ 7 ) » T h 
Is c n a n g e a so that it establish e s 


zeroes upon entry of 
a r 9 u n e n t of the ,J ,'i P in'** 
a base address within t h e 


"I i c r o a d j r e s s r a 


r'l 


i ti n ■ 


r 'i 


i 3 c a t c 


if the user opcodes to o a a e c o d e d ape sequential 
t -3 o 1 e is r e q y i r e d to transfer c 0 n t r 0 i to t h d a p p f 0 « 

f 0 ) 1 0 vv i n g 


p r i 

a t f 

r 0 y t i n e f 

> s These r 0 q u i 

r e m 0 n t s are 

illustrated in the 

0 X a 

n p ] e 

f 





DEC 

uQt ; 

CL 

1 75 /RIRL 

• 

IS IT A 

L t G A L U S E R 0 P C C U E ? 



J L G 

DC 1 

t 

# 

MAYdt 


DCN 

i . 

JMP 


% 

/ 

IF NOT, 

TRAP ru VECTOR 10 , 

DCl 

i 

•MB 

R 1 R H ^ R I W L 

9 

4 

CepY T HE 

H I B Y IE 



\ 1 

AA ir< 

300 / R J.RL 

9 

/ 

M A 3 N UP P 

ALL bOt 0 hi. B'iTS 



CL 

3 -J 0 . R i R L 

• 

Is IT a' 

LEGAL UpCQDE, 



J Z 5 0 

OCO ■ ■ 

9 

f 

NO, GU TRAP ' 



AL 

7 7 , K I R 

t 

f 

HA$< ALL 

BUi LUrE.R 6 biTS 



M N 

R f’ 3 r L J R i R H . 

X 

Lu byte ' 

CF IR .' ■ ■ ■ 


3200 J 

■ 

OP 

00 

• 

/ 

1 ST USER OP 



JMP 

OpG \ 

* 

/ 

2 nd LiStR Up 



JPP 

OF 

0 2 

/ 

3 RD USER UP 


in this 

e X a n p 1 e / 

t 

he s t a r t i n g 

fTi 

i c r 0 3 d d r e s s of the 

jump table is 

t « 

'•q c. r c n a c 

r i 

n e c 0 n t r 0 1 i 

i S'’ 

t r a n s f 3 r r e d ^ r e v 

' n - n a f|; 3 c h i n b 


o f 


/ 6 / a 


3 d 0 0 


is oecooeot co-’^tre! Is su u se auen. 1 1 y transferred to nicroad’« 


dress odd? w^ere tr,e 'i c hoP'*ogha,^ appropriate to tpo execution of t 
’0 1 6 / 0 u 'Machine c p e c q e is s t 0 >a d , Note that there is a c h e c ^ tor r e 5 ” 
e r V o d ' q p codes perforn'-od first (see Section i 3 , 4 )« 


3,5 PASSING UptRANDS TU UStR MACHINE INSTRUCT lUNq 


A g i V e r sal a 1 1 r i b y t e of a 1 ! 1, 5 I 1 1 . data m 0 n i p ] a t i on ^ a c h i n e i n sS t rue 

t i c n 5 is that t h g v a 1 1 ^ v.< very flexible ^ p e r a n d a d dressings In ^ ^ 

sign o f n e a n a c ■ ■> i n e instructions/ t h. e rn c r o d r o 9 r a n e r must p o v i d e 

G 0 a r. pans for pel 1 v 0 r i n q the o P e h n d s to t r e micrornacnine for pro’" 

c e 5 s i n g ^ Sine 0 c n e of, t n e 'n 1 c. r 00 r o g r a t. n e r " s g o a 1 3 is to c t i n i e o 
s o d c i f i c t a r 9 e t f u fs c t i o r', ^ -1 total g c n e r a 1 i t y ’ n 0 p e r rj n a a g d r e s s 1 n g i s 

u s u a 1 I y n 0 t d e si red, F u r t h a pmo re# ge n e r a 1 i zed 0 p e r a n d a d d r e 3 s i n g 
w 0 g i d u s e n i c rc r- r o '} r a n s p a c e w h 1 c; h may be m o r e p p 0 f i t a b i y dedi cat e d to 
e 55 e c y t i o n 1 c i' 0 c o c 1 e , 
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6 , G f 1 S'* r 8 ci e f 1 n e a 0 p e r ^3 n a A d dressing 


T e general addressing i n f o r m a t i o n can be fixed at t 'n e t i in e of micro" 
o r o g r a a s s e n; c 1 y , in this cose the user a c h i n e Instruction would ex- 
pect to find its input o o e r a n ci s at a p r e d e f i n e o location and would d e " 
liver the processed r n g i t 3 or output o p e r a n d to a ' p r ^ d e f i n e d loca- 
tion, P r e 0 e f 1 n e d in c ut a n d o u t o u t o p e r a n a s may be located either In 
t h s L 3 I » 1 I p r e c e s s 0 r registers C K p - H 7 ) or in L 5 1 « 1 1 ,n c h 1 n e memory, 
Since the :-''X -S n e r o r y contains o n 1 y ’'control s t o p e ” i n f o r m a t i o n # i t may 
not contain either input (source) or output (destination) operands, 
f’ e d 8 f 1 n e d machine memory a d d r e s s information i 3 stored within the mi- 
crop ro 9 ram, via the Load Literal (LL) microinstruction. 


6,5.2 H e 9 i 3 1 e r 0 o 8 r a n d A Q d r e s s 1 n g 

The format of user'^oefined m. a chine Instructions is fixed except for 
the I 0 vV 0 r 6 bits of the opcode. If a a d r e s s 1 n d mooes similar to the 
isle'll machine Instruction^ are oesirea# the instruction' first riyst 
have a ri a 0 0 i t 1 0 n a 1 word (in the n e x t 3 u c c e s s i v e memory location) to 
contain.the i n f 0 prat i on a f t e r the initial- i n g t r uc t i on ' f e t c h , this suC" 

Cassi'Va word cap Pg fetched with the sutomatic Iced in q of the ^ hegi'S" 
ter by bi-ts <b?b>, Fi^eferonce to the oeacription of 'the input 'Word 
(Iwj c ro i ns t rue 1 1 on^ wi IT show that G register loading is one of Its 
specif icabVe Options, The machine instruction fetch Operand which 'is 
part p f the base macrocode specifies that the source register address 
i n f 0 r m 1 0 n (bits 6 *• 6 ) be leaded Into the g register, j- i 9 u r e 63 11” 

lustrates the p©.! e p | ayed by bits <8s6> in forming the'"$ource operand 
for a Ci o u b 1 e 0 p e r a fi d In s t r u c 1 1 o h , 


AS further noted in Figure a , $ , the lowest 3 bits of the user 
opcooe? . < 2 s 0 > C cb r respond i ng, to a de§t i nat i or* register^# may 
Vog^dea inl^o G but onlV by e^e^-'^^'lon Of Go^d 

g i s t e r ) low ( L g U mi c roi nst rue 1 1 on. The availability of this 


machine 
also be 
G CH^" 
a n d the 


previ^^us register .^perapO adoressif*,g tecHpIqye wi|] facilitate ^pera©d 
a d 0 r e s s 1 n 9 which is similar to that used by the L 1, f i machine in- 
s t r y c t i 0 ri s , 


8 « 5 * 3 Complex u p e r a n d A d d r e s s 1 n 9 

The m 1 c roprog rammer has the option of Implementing whatever operand 
a d d r s s i n 9 modes are desired, but total g e n e r a 1 i t y Is g e n e r a 1 1 y not 
feasible used for genera 1 addressl ng mode calculations* This is be- 
cause the base r.-l c robo'd^ is i nt® 9 ra 1 1 y oes 1 9©*'^ with the ’Control chip 
translation array and the resulting ml c roi nst ruc 1 1 on sequences a re not 
available for Usep-Ml c roprog ramm 1 ng. 
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8,6,1 Defining The I n s t r u c 1 1 o n 

The first stenin creating a new machine instruction is to define as 
precisely as c o s s i b j e exactly w h a t functions the Instruction Is s g p - 
Posed t g a c c o o ! i s h , One a p p r o a c h which is an aid to definition is to 
program the desired functions' in the assembly language. This 

^ approach usually 1 j i ajso reveal the suitaoiiity ,mi Coprogrammi n9 

to a c c 0 m p 1 1 s h a desired collection of f u n c t i o n s , 







■@4 




8 , 6 9 0 0 e u m e n 1 1 n g t h e I n s t r y c 1 1 0 n 

The reogire-onts for instruction documentation will vary with the na-» 
t u r o of the functions p r o v i d e d , Data manipulation 1 n s t r u c t i o n s which 

only p r 0 c e s 3 data and p e r f o r m no m i c r o m a c h i h e ;i / U are p r o b a b 1 y the 

3 imp last to document, agch instructions wogtd accept as Input; data 
which Is already located In processor registers, the output data 
would also be deposited In a processor register as opposed to a memory 
or device location. 

At the opposite extreme ere user machine Instructions which are 1n*» 
tended for a real time control and J/Q environment* These instruc" 
tions wquIo use pf data access mi 0 rpi nSt rue 1 1 on^ Opd alsp the 

c 0 n t r 0 1 Capability of the two T T control bit f re 1 a s # m i < 2 1 11 3 > and 
^^l<d:yi2d>» in this ConToxt, ti.^.in^ sequef^ci^g 1 nf o^'m^tipp WqU^o 

oeessentlal. 

It should be remembered that the designer (Or i c rop pog ra^rime r ) of the 

new machine instruction mciy not always be the user* jl n this cage; do«* 

cu^entatTon fo'” ^ h^ n’^w instruction Should be as Complete as poss^b^e, 
Such doc umen t a 1 1 on includes information on inr-ut and' output operands? 
r e s y 1 t a n t n s ri Condition Code f ] a g a for e i i p q s s 1 b ] s situations?' a n 9 
execution timing for all possible sit uati bn St 


V‘.y 


8,b,3 Temporary Flag use 


^3 





D y r 1 n 9 the execution of a; s e r « d e 3 1 g n e d machine instructions It is often 
necessary tb monitor A^/J results* These results are available via the 
s t a t u s 0 it and c o n d 1 1 1 o n code flag register and may be used to effect 
m 1 c rop rog ratm control via the conditional jump m i c ro i n s t r uc 1 1 on s ? 
However# wH,en tn^ mac h i no ' i p3t rue t i on"' s opb'rat 1 onS >^ave beep ComPiet®* 
edf adaitional m i c ro 1 nst rue f i ons may need to be used to update the 
P rpc eSSpr Status word Conol t i onf 1 Code 1 1 «g? (H# Z?C, V) , It ' must b$ 
remembered that the P 5 w resides in a ml c roprocessor register and that 
it is partially separatee frpm the ALU flag reQIster, The micropro'* 




M i C N 0 W U C.i K A 1 N tj T K. C H N U fc. S P A G E 8 «> 1 0 


g r a ■’H rr. e r nujst aecr 3 e what pS'a flag states accy'^ately represent the op*’ 
e r a 1 1 0 n ^ 3 executed and provide tor their i m p 1 e e n t a t i o n , 


8,6,4 Executing a c h i n e « L e V e I X / 0 0 p e r a 1 1 o n s 

The n i c r P P h 0 g r a ^ fi' e h h -j s c u p P I e t e f r e e d o ni in implementing any of the 8 

possible mac h i ne« 1 e ve 1 I/U operations C 0 A|If i.)A|0# UAjOa# DAfiO# PA- 
HOb) as part of a ne'^ nac hine 1 nS t rue t i cn* ' In deSivqning the Po^* 

t i c n of the i n s t r u c t i 0 n , t h e o p e r a t o r should m ;j ^ e detailed reference to 

C h a p t e n 5 , A ] ] I/O g ^ a ** 3 1 i o n 3 o t h e f" t h f n Input Status, and Output, 

Status# r e Q y i r a a r e s p o n s e from a system bus device and effectively 
transfer Control o'-'tside the processor. Under nor.ma) ‘conditions, a 
n 0 n « r 8 $ p 0 n d i n 9 h g s device will cause a bus e r r o r trap. The m i c r p r o • 
gra.Tfren must recodni ze the Possifc '1 1 i ty non™ sPoncM pQ bus devices 
and not valiaate any system conventions (e,g,, register designations)* 


8,6,^, 1 Bus Error |T3 c control ” The source ops rang scratch register 
(hSkC) is used io base ffiicroCpde to hold vector vajues wnen trap op 
i n t e r r u p t o p e r a t i o n s are p e r f o r m e d , T he m i c r d p r o 9 r a m m e p can create 
spec 1 a 1 . t r a.p vec 1 0 r 3 , ' ' ' ' ' ' 


8 , 6 , b 8 

C A i C H REblbTEWUbAUE 

Many processes requ 1 pe scratch register space i n which to store i nter» 
mediate results. This section discusses tt,® fdnCtiQn, of eaCh register 
contained in the m i c roprocessor data chip and the conditions "under 

which i t may be used by the u s e r '*■ m i c r o p r o 9 r ^ m m e p , 


0,6,5, 1 source cjperanci w eg i step * jhe source Operand register may be 
used f 0 r s c r 9 1 c h s t q r e ct u r i ^ g m i c r> ^ p r o g r a ^ e x t? c u t i o n a It rri ^ V ® 1 e ^ t 
in ary state at the conclusion of' the user m i c r op rog ram , 


8,6,5,!? Destination Uperand Register (RObj) *• fhe destination operand 
register rf y he usea f pr scratch storage agring m i o r oP rog r arn execu- 
tion, It m a V be left in any state at t h e c o n c i y 3 i o n of the user m 1 - 
c r 0 p r o g r a m , 
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8«6«5,'i Instri^JCtion Register (PIN) " Every '^acMne instruction? 
whether s t ,3 n o a r n or u s e r « <3 e 3 i g n e ci , is 1 c a d c? d into the 1 n 3 t r u c t i 0 n r e « 
Qister as part of the machine instruction fetch. operation, jt should 
be r e fT. e rr c e r e d tret the low o y t e of the rn a c h i n e instruction i s loaded 
Into the high byte of the instruction r e g i s t e r C h I K h ) » vS i m i 1 a r 1 y ? 
the high byte 0 f the rr, 3 c h i n e i n s t r u c t i 0 n is loaded into the low byte 
of the instruction r e g i s t e r C I h L ) « This b V t e ^ 3 w a p d e d loading Is 
per formed to facilitate translation ooeration operations in thelSl'^n 
base n. i c r 0 e 0 b e f 

It can happen t h a t the user opcode t r a n s m i t s no information to the mi« 
CrO'^ecrine, trig case.* its only pgrpOge is to transfer microna- 

Chipo Control tc th® appropriate microprograin, Th® microProghOfTi' may 
then use tf'6 upper ana lower byte of for scratch storage# 

However^ KIR a 0 e s have specific uses when c 0 m m o n 1 c a t i p 9 w i t h Q u T m 1 ^ 
c r o c o d e j. a s e X p 1 a 1 n e d i n b e c t i 0 n 6 , 7 , 


8 a 6 # 5 ^ ii K u 3 Address Register ( h B A ) " The m i c r 0 p r 0 c e s 3 0 r bus address 
register is generally used tpstore the system bus address required ip 
most data access operation# Tnis register has no agxilliary function 
of i p 0 r t a n c e and can be used for s c r a t c h space a u r i n g ' m 1 c r 0 p r 0 g r a m 
execution and it can be left In any state at the conclusion of tHe 
u 3 e r m i c r 0 p r 0 Q r a m , 


a , 6 # 6 Scratch Register Usage' 

a n y processes require scratch register space in which to store i n t e p 
mediate results^ ^his section discusses the function of each register 
c 0 n ^ ^ i n e d i r, the ^ I c r q p r 0 c e 3 s q r data chip a d the c 0 p i ^ i 0 n ^ u n d e r 
which it may be used by the m 1 c pop rog ramm , 


6 9 b « 6 « 1 L S i "" n Processor e 9 1 3 1 e r s ( rt ^ R b 3 * The L S X ® H p r o c e s s 0 r 

ger,eraj purcpse registers Ru through rg shQUid ppt be "use a tpr scratch 
storage, i he main reason is that arguments relating to other 
processes are nohmally stored here apd should poT be’ modified oh des™ 
trdved ov execution of a user mechine instruction. 


|f the ne-A instruction uses the general purpose registers fop operand 
t rangmi 331 on? there may pe opportunity fop scratch space at an inter* 

n p q ^ 3 1 g s t 3 g 0 Of e ^ e c u t i 0 p , h Q r example# t r « r 0 g i s t o r w r i c ^ i 1 1 

eventually contain the 0 u t p u t ” 0 p e r a n d may be used for s c r a t c h ’ p g r p 0 s e 3 
as *099 as 3 u c h g 36 does not destroy needed d a t a , 

A n o t h e r r 0 a s 0 n ter avoiding R d through kg as s c r a t c h space is that 
they can only be adarOssed i n qi f-ec 1 1 v « Con-sequen 1 1 y? the indirect ad- 
dr e s $ i n g G reoi star must be loaded with approprl ate values, pequi r 1 ng 
extra microinstructions, D 1 r 5.^ c 1 1 y a a d r e s s e d m i c r 0 p r o c e s s 0 r r e g i s t e r 
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do not r e o u 1 r e t H i s execution o v e n H e a d , 


B«oa6«P Stac'< Pointer (Po) end Prog ram Counter (K7) ” The 

st<ic^ 0 0 i n t e r and p r o g r a n c o y n t e r should never be used as scratch r ex- 
gist e r s , 


B « 6 « 6 9 3 Processor Status word Register C R P S ‘‘O * The microprocessor 
register c a ] ] e d K P 3 v*' actually Contributes o n 1 ^ bits t c the P 3 w , t h a t 

is vi sable to' the conventional mac H i ne™ 1 e ve 1 Programmert PSw' <7;4> 
a f’ e stored in R P 3 w h < 7 j ^ , The I 0 w ^ r 4 bits 0 1 R P 3 w h are r e p 1 a c e d ’ b y 
the tour condition cooes of t^e At.U flag register when a mpPS machine 
i n s t r u c t i c n 1 3 e v e c u ted (see Section 6,85* The lower byte of HP 5 W is 
aedicat^d the use of t^e bus e.-rOr flag register* Each bit s^gni«» 

ties a specific bus error context and HP 3 aL is inspected when a bus 
errPr occurs to determine aooropriate recovery measures* 

RPShL may be used as te^iporary scratch storage only if no data access 
oeprations are being executed* however? before a data access Opera** 
t i o n ' i s i n i t i e t e d , H P 3 * L must be loaded with all zeros,' Note ' t h a t 
this register wiM always contain all zeros upon entry to the user 
controlstore# 


896*7 Q r e a t i 0 n e n d ij s e of A r b i t r a r y Flags 

Any of the aval 1 a b 1 e scratch regl sters may be used as an arbitrary 
flag r e 0 1 s t e r » The m«an i ng of each of the 8 bits i ^ a byte register 
wi|| be ae t e r (rd n^'d ■ o y the p-g c rQproP r a~?v.e r , As a first step i ^ e rb i « 
t ra ry flag r e 9 i s t e r usage# the r e g i s t e r s h o u 1 d e i t he r. b.e c 1 eared. 0 r 
^ a ^ f 0 '3 n i n i t n 8 I v a 1 u g. b y a L 0 ^ d E t g r a | m i 0 r o ^ n 3 1 r u 0 t .j 0 n , 


8 9 6 « 7 , 1 3 e T T i n Q a p A r b ■j t r a r y E 1 9 g ** An i m p o r t a f-) t r e o u 1 r g m e n t in s e t *» 

ting o flag is u s u a i 1 v to not d i s t u r b any other f 1 a g s in the r e g i s t e r « 
T'1^^5 i^ay be ac c omP 1 i 3 rOd by us|ng Or byte (OH 3) m i c r q j ^iSt rue t ^ on* 

Since u H 13 y t e is a r e 9 i s t e r format m i c r o i n s t r u c 1 1 0 n # t h e o r o p e r c 0 n » 
5 1 a n t rn u s t be p r e o a T- e ci i ^ the B « f i e | a register* 


3 9 6 9 7 , 8 Clearing an A rb i t r a r y Flag * Just as the OH function allots a 
3 1 n g 'i e f ! a 9 to be set without a i s t u r fc i n g the other flags in a r e g i s ** 
- e r ? the a n d C c m. ,0 1 0 *7) e n t function a ] 1 0 a' s a single f 1 a q to be Cleared, 
This i s accompi i shcd by the Ana complement bvtb (NCb) microinstruction 
in Conjunction with a prepared n^fieid register. The B«fie|d register 
contains a 1 in the bit location to be cleared* The n c tj m i c ro i nst rue** 
1 1 on forms the Complement ©f the H - f i e i d regi ster and' ANDs this with 
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the fWiq re 9 'ister contents* The flag register 1s left with a zero In 
the desirea Postiion a no all other positions unmodified, 


6,6,7, 3 Checi<1na an Arbitrary h 1 og The most direct means of cneck« 
In 9 a single a r b 1 t r a r y flag In a o y t e flag register Is via a literal 
microinstruction. The flag to be testea for Is assembled into the li- 
teral tieid C'f the Test uiterai m 1 c ro 1 n s t r uc t 1 on , The logical AdD of 
the a r b 1 t r a r y flag r o g 1 s t e p a n d t h e H t e r a 1 field is used to update 
the Zb and b status bit flags, if the tested flag is p r e s e n t ^ ' Z B 

w 1 1 ! 0 e cleared. If the tested flag Is a b s - n t , Zb will be set, 

A p p r 0 p r 1 a t e m i c r o c r b 9 r a m control Is achieved by a Test Literal - Con* 

d 1 1 1 o n a 1 Jump i c r o 1 r s t r u c 1 1 o n sequence. 


8a6aB Intern uptCon 3 1 derations 

The overrialng fact regarding Interrupt service Is that all Interrupts 
are completely i q n o r e d while c c n t r o 1 stays within the m 1 c r o m a c h 1 n e # 
Q X g c u t 1 n g u s g r . i c r 0 c 0 d e • If the P r o o r a m m 1 n g 9 n V 1 r o n m e n t □ o e s not in*" 
volve real time Interrupts for which service latency is an important 
cong 1 de ra 1 1 on # 1 eng^hy ml c rocode routihes may not pOse’ any prool em«- 

If 1 n t e r r u p t s are e y e c t e a ^ h o 'w e v e r , t h ^ V m ^ v o e tested by t h « t e c h n 1 • 
q y e ■ d e s c r i b 9 d 1 n 6 s c t i 0 n 8 , i , 6 , 


8*698,1 Abort inc a m i c r Op ro Q r am Using the tergal Interrupt' test 
tech^l Que , an active L v e p, t or Device 1 nter rupt will cause c^nt Tq! t © 
oe transferred to mi c roadOress iUJa, T n 1 s micro location will usually 
Contain the beginning gi 0 r^prograrnnoci abort routin® which re- 

s 1 0 r e s t h e process • unae r execution to 1 t s b e g 1 n n 1 n g state’ ( e • 9 * / de* 
cre-T.Cnt the pp by pj^ [Ms procedure qT Cgyrse requires that the 
Input a r o g rn e r t s a r e still available/ o p that they may be q g 1 c x 1 y r e c 0 
Ve^ed an piaCgO in thei*" ohiainfl ]o^^tion®9 If the t^eglnning stat© 
of the process 1 s not recoverable# the process may simply be u n 1 n t e r * 
r y p t e b 1 n , 


8 g 6 « 0 * .8 Modifying the t' rogram Counter - In the event of an aborted 
r o y 1 1 n e / t e p r o g r a m c 0 i > n t e r must be a e c r e m 0 n t e o by 2 , In this way/ 
t h^ user fr, a c h 1 n ^ instruction will again be f e t c e d 'W e n i nt a r pupt ser- 
vice h 0 5 ■ b SCO c c 1 ^' p 1 e t e d , ■ f he following microlnstryctlon sequence may 
be used' to decrement the opegha-n CpUnt er by' on® wprd 1 ocat 1 on* 


AL 3/0# PCL 

CDB PCM 


BUbP bACK PCL 
BURpOw/*lF NtetbSARY 


0 n c e the p poor a m counter is 
normal machine 0 p e r a t i n 9 


bumPed back/ control is returned to the 
cycle where the pending external interrupt 


M i c N 0 P U 'i P 1 f'] L> tech N I U U b. S P A G t 8 » 1 a 


will receive s e r \y 1 c e , 


8,7 USING CONSwLh UOF niCHOCUOfc 

]be rricroccdeo routines which Inpelei^ent console UQT are usual- 

ly h 1 g n 1 y specialised# and as s u c n # are not u s a o ! e by the '■n1crOprO» 
gPSn'iT. t ^ c functions ^rav be attractive in th'^t theY cap 

provide c on,>T y n i c a 1 1 on between toe nicronachine ahci the console TTY, 
Due to the corr;o:texit1e5 of dyna-'^ic n-enory refreshing, it is reooi^^T'ond- 
ed that pOssioH' refresh reau i renen t s be satisfied ov either r©* 

f r e s h 1 n g or by s e 1 f •« r e f r e -s h 1 n g ft e 'Ti o r y , 


8f7,l Dynamic Memory Refresh Reaulrement 

If n £ i t h e h 'i r’ A r e f r e 3 h 1 n g or 3 e I f "■ r e f r e s h 1 n q memory is available? two 
console OUT 1 c r c c Q d e routines may still be u s 0 » m o w e v e r > some a d d i "• 
t i o n d ] P r e p a r a t 1 Q n i s r e o u i r e d t q s u o p p r t p c ^ c e s s g r c p n T r e 1 1 ® b ’ r e « 
fresh. This sur-po r t ' 1 n vo i ve s setting a special flag which allows mem- 
ory refresh t o i n t e r r u p t c o n s o 1 ^ U D '( microcode a n o s u b s e a u e n t i y return 
to the 1 n t e r r u p t e d location* t) u e to the delays i n h e r e n t in a r i v i n g 
t h 0 c 0 n 3 0 1 0 T T Y jr the g o d ' f q r m ^ m o c y r e f r e s h c a n a i n*, o 3 1 c e r t a i n 1 V be 
expected to occur while testing thegone bit In either the receiveor 
transmit C3K for the top Inal device. 


8 , 7,2 Printing 9 Character on the Console Device 


8 , 7 , 2 , I P a 5 s 1 n q the C h a h a c T e h - 


8, 7,2,2 oeTting the Print Routine Control Register ® 


8,7,3 Reading 3 Character Prom the Console ue’^ice 


8 « 7 « 3 fl 1 Receiving the C h a r a c t e r 


o 


O 
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Mi 


0 9 7 » g Processor Priority 


6 e 7 « 5 r r c e 8 1 t 


m 


8«7»6 AL'J Condition Codes 




8,8 HiCRUPROCR AHMi PG INtU TRAP VtCIORd 


'd 


Nev^ U so r-s-de t i nea trap operations may be inpienented by tn@ nicropro^ 
gra.'iirrer, fhis is efficiently accomplished by setting oo a vector ad» 
dress end- transferring control to tne base microcode routine which ex- 
ecutes a 11 other LSI-11 trap operations. 






8*8,1 Creating t.ho Vectgr Addresses 

The? vector address of the special user trap is inserted into the 
source ciOe ragd sc rat ch register, RSRC. Usually this is dg^e with t«o 
consecutive t^oao t J t e p a I m i c roi nst rue t i ons. RSwCh receive -3 the high 
byte of the vector address and KSRCL the low byte. 


© 






898,2 Joining the Base Microcode 

Once the special vector address has been loaded Into both bytes of 
H 8 H L ? an u n c o n d i t i o n a 1 jump n i c r 0 1 n s t r u c t i 0 n transfers control to the 
bas ' n i c PoC ode routine '^riCh e^e^uteS the trap opgrat f on. The ml c roi n* 
s t r u c 1 1 0 n s ^ q u e n c e i a a 3 f 0 n 0 w 5 J 


L, L V £ C L u w b Y T £ # R 5 R t 

1... L V t C H I G rH li Y T £ j R S R C b 

J3P 1402 


; l.UAP y£CTUH LUU BYTL 
; LUAp VLCTOR HIGH 8Y?E 
; JUHH fO TRAP’ RUUTIHL 


W 


m 
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■•nCHUPKUtRAPPirib SYNCMNOpULU CONTROL 8lG*'-AL8 


T H e s ■/ n c h r 0 n i i 0 n of T T L c o r’^ t r o 1 signals w i t n n - 1 c r o p r o g r a m execution 
^ is ae te rm 1 n e g at t ne 1 1 *t. e of 1 c roppo g r a -t a 3 s e o 1 y « j he control f gnc* 
tion cooe acoears aa tRe final arvlUment in t'^e ml c rpp ro 9 ra?T^ source 
coce* ■ THe Oetai 1 eel construction of m i c roassenp ] y source 1 anguage is 
presented in C n e o t e r 7 for e a c n m i c r o i n 3 1 r u c t 1 o n format, f h e micro'* 
p r 0 g r a m m e r has the option c f p r e « c a 1 c u 1 a t i n g the octal e a u i v a I e n t of 
the conoioeu staroaro ana extenOeO TR Control oit CoOe^r or the indi- 
V i G u a ] cooes can be i j R ' d together by the n i c r o a s s e n b 1 e r « 



8,M otandard TIL Control bits 



Tne stanoaro TtL control bit codes are assembled into Of 

the I p possible c c a e s ^ 8 are employed o y the l. S R 1 1 Interface c i r c u i 
try. One adcitiona! code, Is used to swap user control store 

Page s for the wCb pacing mode • The rema 1 n 1 ng 7 codes# 0 W t h roygh fe)6# 
may be used b v the i c rop r o gramme r, j hese cooes must ' be decoded by 
special decoding hardware which 1 3 connected to the system b a c p 1 a n e » 
S ec t i. on ■ 6 » 7 . 8 c r e se n t e d i n f 0 r ma t i on on standard TTL Control fyncHon 
codes a -3 well as hof^dware connection details relevant to the aeslQn of 
vd 0 c c 0 1 n g c i r c u i t r y , 

As explained in section 5,7,5 the s t a n a a r d TTL c 0 n t r 0 1 bits are valid 
on the m i c r 0 i n 3 ^ r g c t i Q n bus from the b e 9 i n i n g of R h 1 to the end of 
P H 3 * 0 e c o d i r, 9 of t -< e 6 f u r. c t i o n s used by t n e L 3 i « ^ ^ m 0 d u ] e ^ s enabled 

by Ph-^ of the mi c roc y c 1 e # and this signal# 5 PP 3 rif is also available 
at the 3 y 3 t e m b a c < p 1 a n e , 

Due to the pi pel i ning techniques used within the m 1 c romac h i ne# the ITU 
control bits can' be enabled before the it- i c ro i nst rue 1 1 on with which 
they e»rO assembled ig actually executed, Thig occyrs fOr any 2 cycle 
rn i c fp i pS t rue t 1 Q^,s , In partlcujar, Cpn^i^ion'-l o’" u pC Q^d i 1 1 ppo 1 j u mO 
mic roi nst ryct 1 ong, i^ecauso the m i c ro 1 nst rue 1 1 on sequence i s modified# 
all j g.T.c i c tq i p 5 1 rue 1 1 Qp 3 require 2 micrQCvcle's tp execute. 
Mi c roaodr^ss mooi f i cat 1 on does not occur until the second mi c rocyc 1 e# 
arid t,w,e Control Cpn^e.-^ts ^etc^ed as a result of normaf m1Cropro- 

g r a n counter s e q u e n c 1 n g u s t iP e d i 5 c a r d e c « The m 1 c r o p r 0 c e s s 0 r ^ n n t r 0 I 
apd pate Chips recQQp, i^e the Jurr,P format a^id singly i': 3 no^^ The CooTrol 
store i n f o p rr a 1 1 G r, on t h ^ m 1 c 0 1 n s t r u c 1 1 o n ' b u s » ' p; 0 w e y e r ? svi | < 2 i s'l 8 > is 

d e c 0 d e d by Combinational 1 0 <3 i b » in t h ® f 0 1 1 o n a e x a m P 1 © # t w e c 0 n T r q ] 
code of the microinstruction following the jbPIs decoded ano enabled# 
even t;-^rou 9 h the m 1 c ro i nS t r‘uc t i on M do^s pet ^nCiude t^e foiloh'|n 9 
m i c r 0 1 n s t r g c t i o n , 



3 i 0 *h 
31 0 i 
3 1 kl 2 



Mote? 
t i on , 


lb h, rsrcl I 

d''’P AbTpQC J 

CL 10^ H 8 I H # , 0 1 

Cl decoded and enabled our log second cycle of 8 HP microlnstruc 



MICH 0 P H U G K A M I M u T £ C ri M I ( J U t S 


PAQ£ 8-17 



8 . I 


b X t e n 0 e d TIL Control B ^ t s 


T'ne extended Til control Bits are assembled into the same source field 
as tne standard [Tu Control bits. The extended Control bits are 
fetched at t b e b e n i n n i' n g of Phi and are valid t h rough the end of Ph4* 
As such^r they are not subject to enab]>jnQ via anV microcycie phases. 
However^ extended control signals nay a cp ear erroneously when conta- 
ined in a fri i c r 0 i n s t r u c t i 0 n f o 11 o h- i n g a 2 cycle m i C r o i n s t r u c t i o n in the 

s a m e f a s h i o n a s t h e s t a n cj a r d c o n t r o 1 s i 9 n a 1 3 * 

The assonoly value c o r respond i ng to hi<i^2> is and that correspond- 
^ i nq to nj. is oiJ« The^e values ■’’'ey be pKci with the stendar^ TTl 

• ‘ c o n t r Q 1 b i t c 0 d 0 1 a s s h 0 w n D e 1 0 w J 




IL n^KbRCLi,,, j COiNfRUL LUDb ( 4 l 

J PLUS ^U<^ 2 > PLuS MK 2 i> 


a 


Recall that MI<83> is shared with the microaodress trace buffer logic, 
This has no effect on Mi<23> but it ^lay complicate microprogram debuQ’* 
g 1 n g , 




8,11 CONTRULLING THc M i C k Q i Mo T RUC T I ON hLUN 
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8,11,1 U n c 0 n n i t i 0 n a 1 J u r?> o and R e o r n M >j p r q i n s t r u c t i o n 


n 


8 , 1 1 , « Co n d i t i c n a 1 J u n p microinstructions 


rf\ 




8 , 1 i , i H u 1 t i »» L e V e 1 5 u D r o y t i n e j' e c h n 1 q g e s 


8,12 U 8 bN CP^^hOL GTUht MEMORY MAR 


8 1 I hieserven uicroadoress Locations 
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8 « 1 F , 2 IiT^o 1 enient i r\g Paged Control Store 


a,i .5 HICHO OUT FU^CT^O^oS 


8 « I i » 1 S ' ■< P Porting the 8 T A H f o i n t e r 


Measuring I/O Device Response Time 


0 4 H ! j J G D i ^ '■ 0 i P t. M J u R U p K U G R A P'1 *• A P P? 0 w H L & 3 1 V t- o U ^ ^ A R f 


6^ IP, I Machine Operation witht user Control Disabled 


S 9 1 ' 9 user Control 0 1 o r e t n a b I e d « J n p M i c r 0 0 r d s 


8„1A^3 Single JP^P ana exit 


8, 14, a f^ultiPle jnp and bx1t 


printing a C P'i a r ac t e r , a woro 
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B , 1 , b , 1 Console TTY Driver 


8 «l‘T,b ,8 Micrccobe Huf Print Subroutine 


8,T'4,6 Hultiole user Uocoaes «• Multiple Printed words 


successive Conpsrison Decoding 


I ' i , 0,8 M 0 a i f T e d J u P 0 e coding 


© 8 19 0,3 Honi f 1 ed dufr.p Decoding without uu*pp Table 


8 19 f S e 1 e c t i V € M i c r o p r o g r -a fn Execution w i t H m u p t 


8 i 9 7 ^ t p i c r 0 p r 0 g r a rn ] r $ c 1 n g w i t b Ts U 0 T 


8 , 1 b example 


EXAMPPE 


8,1/ EXAbPDE 
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8,l« A SUMf^ARY Of* MICRUPKOGk AMGI NO TECHMyuES 


CHAPXtR 9 

AKlTtAblt CONTHOL 6TURL INSTALLATIUN 


9,1 GtNEHAL 

This chapter provides a guide to the Installation of the writeable 
Control store roaule In the LSl*n# PDp"n/‘'--i system. It Is recom* 
menoea th^t this Char^ter oe read completely before beginning any Phase 
of the Installation procedure, Kcoule Installation should precede ac* 
Cording to the installation ChSCk List Contained in section 9,7# 


9n^ SYSTtH CUf^h I^'JKA 1 lUN 

The writeable control Store option places very restrictions 

on the PDP-u/03 system Con^ ^ 9urat i on# 


9,2#1 Module Location 

Because of Its olrect connection to the rricroinstructlon pus^ the wC3 
module must oe located In the backplane slot Immediately adjacent to 
the processor module, bacxplane configurations are Illustrated 
1 n h 1 Qure 9 , 1 , 
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9,2,2 Memory Keauirerent 

THe operation of the v'. Cb 'T'ocfule aoes not place any special densnas on 
svsterr fr^eTorv space, Hoi^eyer# wCS Develop ■"’’ent.sott ware CDV^'^D-YY) 

pequipesloKworasofmerory, 


9,2,2, 1 ?'^e-ory Refresh Restrictions « it is reconnenaeo that all rieff* 
Ory modules used in a 151-11 hCb system contain s^H-retresh caPaoili- 
ty such as the r-SVll-C or ngvil-D memory mooules, |he seH-refresh 
feature frees the m>icrOrr 09 r 3 '^mer from the require f'cnt to allow ample 
opportuf^ity fcr Ch’U micrccooed refresh to execute. • 

If processor-cont ro 1 1 ed memory refreshing must be used, the micrpro- 
Qrammer myst 9iye special attention to the techniques desCpibed In 
section 6,6,1 if lengthy microinstructions ape tobe implementeo. 

An e 1 t e rnat 1 ve to processor controlled refreshing is the use of 
DnA-cont ro 1 1 ed re t resh i nq, as supplied oy.the an a HbVll-C mo- 
dules, This approach also frees the m i c rop r og r amme r from the 
real-time’ restrictions, while allowing system memoryto be usoO which 
does not ha-'e tne self^refresh feature. 


9,3 MICRDINSTRUCTION BUS INTbRCUNNtCT CABUt 

The m i c ro 1 n s t rue t i on bus interconnect cable-plug assembly extends the 
iT^i c roi nst ruct i on bus from the the LSl-ll micromacMne on processor 
module to the ^^^5 mooule, extreme caution shoula be exercised when 
either installing qr remqving the cable. It shquldbe emphasized that 
a nal f» 1 nstal 1 ed cabl e provides a direct electrical connection to the 
M0S«ie''e1 c,-rcu^try on either the proCeSSor nodU]e or the ‘^CS moouig. 
The cable's open ena should be guarded against inadvertent contact 
withanyeiectricaifcjotentiai. 

The cable is connected cetween the third rilcRp^' soci<;et t32, (normally 
useo for the k£v 11 option) .on the Lsl-ll processor module (btch Rev, p 
CS Rev T Or greater^ anq the single ^U-pin sOc>^et on the mooule* 
The caole should be inserted into both soexets before the 2 modules 
are inserted into t re bacicpl ane/capd guice assembly. The processor 
mo<3uie should oe installed last, taking care to avo'd contact'with the 
cable-plug assembly already in the h(;S socket. 


9,4 r^'odule Switch Options 

The DIR switch on the wCS module is used to configure the ml c readdress 
range to whicn the .nCS will respond. They should be set up to the de- 
sired address mode as shown in Section b,2,2,l. 
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9t5 Chec^cout uSI-11 Console ODT 

T.B.D. 


9,6 CHec'<out with mGOT Under KT-ll V3#a 

T,8.C. 


9,7 lost a 11 et 1 cn Chec k: 1 1 s t 

T,B.D. 


